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^ (57) Abstract: The invention relates to the use of 3.9-diazabicyclo[3.3.l ]noncne derivatives and related compounds as active in- 
Q gredients in the preparation of pharmaceutical compositions. The invention also concerns related aspects including processes for the 
►5: preparation of the pharmaceutical compositions containing one or more of those compounds and especially their use as inhibitors of 
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MEDICAL USE OF DIAZABICYCLONONENE DERIVATIVES AS INHIBITORS OF PARASITE ASPARTIC 
PROTEASES 



5 In an earlier patent application, first published as WO 03/093267 Al filed by the 
applicant (Actelion Pharmaceuticals Ltd), novel diazabicyclononene derivatives 
and their preparation as well as their use, especially as renin inhibitors, have been 
described. It has now been found that these compo\mds inhibit plasmepsin H. 
They are therefore usefial as antimalarials. 

1 0 The present invention is concerned with the use of diazabicyclononene derivatives 
against malaria pathogens and, in particular, relates to compounds of the general 
fomiula I. The invention also concerns related aspects including processes for the 
preparation of the compounds, pharmaceutical compositions containing one or 
more compounds of formula I and especially tiieir use as plasmepsin 11 inhibitors 

15 for the treatment of malaria. Furtheraiore, these compounds can be regarded as 
inhibitors of other aspartyl proteases and might, therefore, be useful as inhibitors 
of plasmepsin I, plasmepsin IV or histo-aspartic protease (HAP) to treat malaria 
and as inhibitors of Candida albicans secreted aspartyl proteases to treat fungal 
infections. 

20 

Background of the invention: 

Malaria is one of the most serious and complex health problems affecting 
humanity in the 21^ century. The disease affects about 300 million people 
worldwide, killing 1 to 1.5 million people every year. Malaria is an infectious 

25 disease caused by four species of the protozoan parasite Plasmodium, P. 
falciparum being the most severe of the four. All attempts to develop vaccines 
against P. falciparum have failed so far. Therefore, therapies and preventive 
measures against malaria are confined to drugs. However, resistance to many of 
the currently available .antimalarial drugs is spreading rapidly and new drugs are 

30 needed. 

P. Falciparum enters the human body by way of bites of the female anopheles 
mosquito. The Plasmodium parasite initially populates the liver, and during later 
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stages of the infectious cycle reproduces in red blood cells. During this stage, the 
parasite degrades hemoglobin and uses the degradation products as nutrients for 
growth [1]. Hemogjobm degradation is mediated by serine proteases and aspartic 
proteases. Aspartic proteases have been shown to be indispensable to parasite 

5 growth. A non-selective inhibitor of aspartic proteases, pepstatin, inhibits the 
growth of P. falciparum in red blood cells in vitro. The same results have been 
obtained with analogs of pepstatin [2], [3]. These results show that inhibition of 
parasite aspartic proteases interferes with the life cycle of P. falciparum. 
Consequently, aspartic proteases are targets for antimalarial drug development, 

10 The present invention relates to the identification of low molecular weight, non- 
peptidic inhibitors of the Plasmodium falciparum protease plasmepsin n or otho: 
related aspartic proteases to treat and/or prevent malaria. 

Prior Art: 

15 

To date several classes of plasmepsin 11 inhibitors have been described in the 
literature. To the best of our knowledge, none of these compoxmds has entered 
clinical development so far. Research efforts within different structural classes of 
plasmepsin II inhibitors have recently been summarized and published [C. Boss et 
20 al.; Curr. Med Chem. 2003, 10, 883-907 and references cited there]. Plasmepsin 
inhibitors based on a peptidomimetic or substrate-analogue approach are 
described in the following patents: US-05734054 (Pharmacopeia Inc), US- 
05892038 (Pharmacopeia Inc.), WO-001 14331 (University of California, 
Berkley), WO-02074719 (Johns Hopkins University), and publications: D. 
25 Noteberg, E. Hamelink, J. Hulten, M. Wahlgren, L. Vrang, B. Samuelsson, A. 
Hallberg, J. Med. Chem., 2003, 46, 734-746. K. Oscarsson, S. Oscarson, L. 
Vrang, E. Hamelink, A. Hallberg, B. Samuelsson, Bioorg. Med Chem., 2003, 11, 
1235-1246. A. Dahlgren, 1. Kvamstrom, L. Vrang, E. Hamelink, A. Hallberg, A. 
Rosenquist, B. Samuelsson, Bioorg. Med. Chem., 2003, 11, 827-841. Non- 
30 peptidomimetic plasmepsin 11 inhibitors are described in the following 
publications: WO-00224649 (Actelion Pharmaceuticals Ltd.), WO-00238543 
(Actelion Pharmaceuticals Ltd.) and WO-09912532 (F. Hoffinann-La Roche 
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Ltd.). Only one publication was found so far that describes non-peptidonaimetic, 
rationally designed plasmepsin n inhibitors: Carcache, D. A.; Hortner, S. R.; 
Bertogg A.; Binkert, C; Bur, D.; Marki, H.-P.; Dom, A.; Diederich, F.; 
ChemBioChem, 2002, ii, 1137. 

The compounds of general formula I were tested against plasmepsin H, HIV- 
protease, himian cathepsin D, human cathepsin E and human renin in order to 
determine their biological activity and their selectivity profile. 

In vitro Assays: 

The fluorescence resonance energy transfer (FRET) assay for HIV, 
plasmepsin n, human cathepsin D and human cathepsin E. 

The assay conditions were selected according to reports in the literature [4 - 7]. 
The FRET assay was perfomied in white polysorp plates (Fluoronunc, cat n** 
437842 A). The assay buffer consisted of 50 mM sodium acetate pH 5, 12,5% 
glycerol, 0.1% BSA + 392 mM NaCl (for HIV-protease). 
The incubates per well were composed of: 

- 160 ^il buffer 

- 1 0 nl inhibitor (in DMSO) 

- 10 \il of the corresponding substrate in DMSO (see table A) to a final 
concentration of 1 p.M 

- 20 \il of enzyme to a final amount of x ng per assay tube (x = 10 ng/assay 
tube plasmepsin n, x = 100 ng/assay tube HIV-protease, x = 10 ng/assay 
tube human cathepsin E and x = 20 ng/assay tube human cathepsin D) 

The reactions were initiated by addition of the enzyme. The assay was incubated 
at 3TC for 30 min (for human cathepsin E), 40 min (for plasmepsin n and HIV- 
protease) or 120 min (for human cathepsin D). The reactions were stopped by 
adding 10% (v/v) of a 1 M solution of Tris-base. Product-accumulation was 
monitored by measuring the fluorescence at 460 nm. 
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la particular, the present invention relates to pharmaceutical compositions for 
treating diseases demanding the inhibition of parasitic aspartic proteases 
containing one or more compounds of the general formula I, 

5 

M 




Formula I 



wherein 

X and W represent a nitrogen atom or a -CH- group and may be the same or 
10 different; 

V represents -(CH2)r; -A-(CH2)s-; -CH2-A-(CH2)r; -(CH2VAS -(CH2)2-A- 
(CH2V; -A-(CH2)y-B-; -CH2-CH2-CH2-A-CH2-; -A-CH2-CH2-B-CH2-; -CH2-A- 
CH2-CH2-B-; -CH2-CH2-CH2-A-CH2-CH2S -CH2-CH2-CH2-CH2-A-CH2-; -A- 
15 CH2-CH2-B-CH2-CH2-; -CH2-A-CH2-CH2-B-CH2-; -CH2-A-CH2-CH2-CH2-BS or 
-CH2-CH2-A-CH2-CH2-B-; 

A and B independently represent -0-; -S-; -SO-; -SO2-; 

20 U represents aryl; heteroaryl; 

T represents -CONR'-; -(CH2)pOCO-; -(CH2)pN(R')CO-; -(CH2)pN(R')S02-; or 
-C00-; 



25 Q represents lower alkjdene; lowo: alkenylene; 
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M represents hydrogen; cycloalkyl; aryl; heterocyclyl; heteroaryl; 

L represents -R^; -COR^ -COOR^ -CONR^R^ -S02R^ -SOiNR^R^ 
-C0CH(Aryl)2; 

5 

R^ represents hydrogen; lower alkyl; lower alkenyl; lower alkinyl; cycloalkyl; 
aryl; cycloalkyl - lower alkyl; 

R^ and R^' independently represent hydrogen; lower alkyl; lower alkenyl; 
1 0 cycloalkyl; cycloalkyl - lower alkyl; 

R^ represents hydrogen; lower alkyl; lower alkenyl; cycloalkyl; aryl; heteroaryl; 
heterocyclyl; cycloalkyl - lower alkyl; aryl - lower alkyl; heteroaryl - lower alkyl; 
heterocyclyl - lower alkyl; aryloxy - lower alkyl; heteroaryloxy - lower alkyl, 
15 whereby tiiese groups may be unsubstituted or mono-, di- or trisubstituted with 
hydroxy, -OCOR^ -COOR^, lower alkoxy, cyano, -CONR^R^', -CO-motpholin-4- 
yl, -CO"((4-loweralkyl)piperazin-l -yl), -NH(NH)NH2, -NRV' or lower alkyl, 
with the proviso that a carbon atom is attached at the most to one heteroatom in 
case this carbon atom is sp3-hybridized; 

20 

R^ and R"^' independently represents hydrogen; lower alkyl; cycloalkyl; cycloalkyl 
- lower alkyl; hydroxy - lower alkyl; -COOR^; -CONH2; 

m and n represent the integer 0 or 1, with the proviso that in case m represents the 
25 integer 1 n is the integer 0, and in case n represents the integer 1 m is the integer 
0; 

p is the integer 1, 2, 3 or 4; 
r is the integer 3, 4, 5, or 6; 
30 s is the integer 2, 3, 4, or 5; 
t is the integer 1, 2, 3, or 4; 
u is the integer 1 , 2, or 3; 
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V is the integer 2, 3, or 4; 

and optically pure enantiomras, mixtures of enantiomers such as racemates, 
diastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 
5 diastereomeric racemates, and the meso-form; as well as pharmaceutically 
acceptable salts, solvent complexes and morphological forms and suitable carrier 
material. 

In the definitions of general formula I - if not otherwise stated - the term lower 
10 alkyl, alone or m combination with other gro\q)S, means saturated, straight and 
branched chain groups with one to seven carbon atoms, preferably one to four 
caibon atoms that can be optionally substituted by halogens. Examples of lower 
alkyl groups are methyl, ethyl, n-propyl, iso-propyl, n-butyl, iso-butyl, sec-butyl, 
tert-butyl, pentyl, hexyl and heptyl. The methyl, ethyl and isopropyl groups are 
15 preferred. 

The term lower alkoxy refers to a R-O group, wherein R is a lower alkyl. 
Examples of lower alkoxy groups are methoxy, ethoxy, propoxy, iso-propoxy, iso- 
butoxy, sec-butoxy and tert-butoxy. 

20 

The term lower alkenyl, alone or in combination with other groups, means 
straight and branched chain groups comprising an olefinic bond and two to seven 
carbon atoms, preferably two to four carbon atoms, that can be optionally 
substituted by halogens. Examples of lower alkenyl are vinyl, propenyl or butenyl. 

25 

The term lower alkinyl, alone or in combination with other groups, means straight 
and branched chain groups comprising a triple bond and two to seven carbon 
atoms, preferably two to four carbon atoms, that can be optionally substituted by 
halogens. Examples of lower alkinyl are ethinyl, propinyl or butinyl. 

30 

The term lower alkylene, alone or in combination with other groups, means 
straight and branched divalent chain groups with one to seven carbon atoms. 
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preferably one to four carbon atoms that can be optionally substituted by 
halogens. Examples of lower alkylene are ethylene, propylene or butylene. 

The term lower alkenylene, alone or in combination with other groups, means 
5 straight and branched divalent chain groups comprising an olefinic bond and two 
to seven carbon atoms, preferably two to four carbon atoms, that can be optionally 
substituted by halogens. Examples of lower alkenylene are vinylene, propenylene 
andbutenylene. 

10 The term lower alkylenedioxy, refers to a lower alkylene substituted at each end 
by an oxygen atom. Examples of lower alkylenedioxy @[a\xps are preferably 
methylenedioxy and ethylenedioxy. 

The tenn lower alkylenoxy refers to a low©r alkylene substituted at one end by an 
15 oxygen atom. Examples of lower alkylenoxy groups are preferably ethylenoxy 
and propylenoxy. 

The term halogen means fluorine, chlorine, bromine or iodine, preferably 
fluorine, chlorine and bromine. 

20 

The term cycloalkyl alone or in combination, means a saturated cyclic 
hydrocarbon rmg system with 3 to 7 carbon atoms, e.g. cyclopropyl, cyclobutyl, 
cyclopentyl, cyclohexyl and cycloheptyl, which can be optionally mono- or 
multisubstituted by lower alkyl, lower alkenyl, lower alkenylene, lower alkoxy, 
25 lower alkylenoxy, lower alkylenedioxy, hydroxy, halogen, -CF3, -NR^R^', 
-NR*C(0)R^', -NR^S(02)Rr, -C(0)NR^R^', lower alkylcaibonyl, -C00R\ -SR\ 
-SOR^ -S02R^ -S02NR^R^\ whereby R^' represents hydrogen; lower alkyl; 
lower alkenyl; lower alkinyl; cycloalkyl; aryl; cycloalkyl - lower alkyl. The 
cyclopropyl group is a preferred group. 
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The tenn aryl, alone or in combination, relates to the phenyl, the naphthyl or the 
indanyl group, preferably the phenyl group, which can be optionally mono- or 
multisubstituted by lower alkyl, lower alkenyl, lower alkinyl, lower alkenylene or 
lower alkylene forming with the aryl ring a five- or six-membered ring, lower 

5 alkoxy, lower alkylenedioxy, lower alkylenoxy, hydroxy, hydroxy-lower alkyl, 
halogen, cyano, -CF3, -OCF3, -NR^R^', -NR^R^' - lower alkyl, -NR^C(0)R^', 
-NR^S(02)R\ -C(0)NR^R^', -NO2, lower alkylcarbonyl, -C00R\ -SR\ -S0R\ 
-S02R^ -SOaNR^R*', benzyloxy, whereby R^' represents hydrogen; lower alkyl; 
lower alkenyl; lower alkinyl; cycloalkyl; aryl; cycloalkyl - lower alkyl. The 

10 cyclopropyl group is a preferred group. Preferred substituents are halogen, lower 
alkoxy, lower alkyl. 

The term aryloxy refers to an Ar-O group, wherein Ar is an aryl. An example of 
lower aryloxy groups is phenoxy. 

15 

The term heterocyclyl, alone or in combination, means saturated or unsaturated 
(but not aromatic) five-, six- or seven-membored rings containing one or two 
nitrogen, oxygen or sulfiir atoms which may be the same or different and which 
rings can be optionally substituted with lower alkyl, hydroxy, lower alkoxy and 
20 halogen. The nitrogen atoms if present, can be substituted by a -COOR^ group. 
Examples of such rings are piperidinyl, morpholinyl, thiomorpholinyl, 
piperazinyl, tetrahydropyranyl, dihydropyranyl, 1,4-dioxanyl, pyrrolidinyl, 
tetrahydrofuranyl, dihydropyrrolyl, imidazolidinyl, dihydropyrazolyl, 
pyrazolidinyl, dihydroquinolinyl, tetrahydroquinolinyl, tetrahydroisoquinolinyl. 

25 

The term heteroaryl, alone or in combination, means six-membered aromatic 
rings containing one to four nitrogen atoms; benzofiised six-membered aromatic 
rings containing one to three nitrogen atoms; five-membered aromatic rings 
containing one oxygen, one nitrogen or one sulfiir atom; benzofused five- 
30 membered aromatic rings containing one oxygen, one nitrogen or one sulfur atom; 
five-membered aromatic rings containing one oxygen and one nitrogen atom and 
benzofiised derivatives thereof; five-membered aromatic rings containing a sulfiir 
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and a nitrogen or an oxygen atom and benzofused derivatives thereof; five- 
membered aromatic rings containing two nitrogen atoms and benzofused 
derivatives thereof; five-membered aromatic rings containing three nitrogen atoms 
and benzofused derivatives thereof, or a tetrazolyl ring. Examples of such ring 

5 systems are furanyl, thiophenyl, pyrrolyl, pyridinyl, pyrimidinyl, indolyl, 
quinolinyl, isoquinolinyl, imidazolyl, triazinyl, thiazinyl, thiazolyl, isothiazolyl, 
pyridazinyl, pyrazolyl, oxazolyl, isoxazolyl, coumarinyl, benzothiophenyl, 
quinazolinyl, quinoxalinyl. Such rings may be adequatly substituted with lower 
alkyl, lower alkenyl, lower alkinyl, lower alkylene, lowrr alkenylene, lower 

10 alkylenedioxy, lower alkyleneoxy, hydroxy-lower alkyl, lower alkoxy, hydroxy, 
halogen, cyano, -CF3, -OCF3, -NR^R^', -NR^R^' - lower alkyl, -N(R^)COR^ 
-N(R^)S02R\ -CONR^R^', -NO2, lower alkylcarbonyl, -C00R\ -SR\ -S0R\ 
-S02R^ -SOiNR^R^', another aryl, another heteroaryl or another heterocyclyl and 
the like, whereby R^' represents hydrogen; lower alkyl; lower alkenyl; lower 

15 alkinyl; cycloalkyl; aryl; cycloalkyl - lower alkyl. The cyclopropyl group is a 
preferred group. 

The term heteroaryloxy refers to a Het-O group, wherem Het is a heteroaryl. 

20 The term sp3-hybridized refers to a carbom atom and means that this carbon 
atom forms four bonds to four substituents placed in a tetragonal fashion around 
this carbon atom. 

The expression pharmaceutically acceptable salts encompasses either salts with 
25 inorganic acids or organic adds like hydrochloric or hydrobromic acid, sulfuric 
acid, phosphoric acid, citric acid, formic acid, acetic acid, malQic acid, tartaric 
add, benzoic acid, methanesulfonic acid, p-toluenesulfonic acid, and the like that 
are non toxic to living organisms or in case the compound of formula I is addic in 
nature with an inorganic base like an alkali or earth alkali base, e.g. sodium 
3 0 hydroxide, potassium hydroxide, calcium hydroxide and the like. 
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The compounds of the general fonnula I can contain two or more asymmetric 
carbon atoms and may be prepared in form of optically pure enantiomers, 
mixtures of enantiomers such as racemates, diastereomers, mixtures of 
diastereomers, diastereomeric racemates, mixtures of diastereomoic racemates, 
5 and the meso-fonn and pharmaceutically acceptable salts therof 

The present invention encompasses all these forms. Mixtures may be separated in 
a manner known per se, i.e. by column chromatography, thin layer 
chromatography, HPLC or crystallization. 

10 Especially preferred compounds of the invention are listed in table 1 (page 154). 

The compounds of general fonnula I and their pharmaceutically acceptable salts 
may be used as therapeutics e.g. in form of pharmaceutical compositions. The 
pharmaceutical compositions may particularly be used for treatment of disorders 

15 associated with the role of plasmepsin 11 and which require the inhibition of 
plasmepsin II for treatment. They may especially be used for treatment and/or 
prevention of malaria or diseases caused by protozoal infection. These 
pharmaceutical compositions may also contain aside of one or more compounds 
of the general formula I a known plasmepsin II inhibitor, a known antimalarial or 

20 known HIV protease inhibitor. 

Further, these pharmaceutical compositions may also be used for treatment or 
prevention of diseases demanding the inhibition of parasitic aspartic proteases, 
particularly for malaria or protozoal infections. 

25 

The invention also relates to the use of pharmaceutical compositions as defined 
above for treatment or prevention of diseases demanding the inhibition of parasitic 
aspartic proteases in combination with a known plasmepsin n inhibitor, a known 
antimalarial or a known HIV protease mhibitor or another known anti-HIV 
30 treatment. 
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Jn addition, compounds of formula I are useful for the preparation of a 
medicament for the treatmoit or prevention of diseases demanding the inhibition 
of parasitic aspartic proteases, particularly malaria or protozoal infection. These 
compounds are more particularly useful for diseases demanding the inhibition of 
5 parasitic aspartic proteases in combination with a known plasmepsin II inhibitor, a 
known antimalarial or a known HIV protease inhibitor or another known anti-HIV 
treatment. 

Another aspect of the invention concerns a method of treating a patient suffering 
10 from a disease requiring the inhibition of parasitic aspartic proteases by 
administering a phamiaceutical composition comprising a compound of the 
general formula L Regarding the administration, the dosage of compounds of 
formula I can vary within wide limits depending on the disease to be controlled, 
the age and the individual condition of ttie patient and the mode of administration, 
15 and will, of course, be fitted to the individual requirements in each particular case. 
For adult patients a daily dosage betwem 1 mg and 1000 mg, between 50 mg and 
500 mg, comes into consideration. 

The pharmaceutical preparations conveniently contain between 1 mg and 500 mg, 
20 preferably between 5 mg and 200 mg of a compound of formula I. 

A further aspect of the invention concerns a process for the preparation of the 
above-mentioned pharmaceutical composition by mixing one or more active 
ingredients of formula I with inert exdpients in a manner known per se. 

25 

The compounds of formula I may also be used in combination with one or more 
other therapeutically useful substances. 

All forms of prodrugs leading to an active component comprised in general 
30 formula I are included in the present invention. 
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The compounds of general formula I can be manufactured by the methods given 
below, in accordance with procedures given in WO 03/093267 Al (Actelion 
Pharmaceuticals Ltd) or by analogous methods. 

5 The compoimds of formula I and their pharmaceutically acceptable acid addition 
salts can be used as medicaments, e. g. in the form of pharmaceutical preparations 
for enteral, parenteral, or topical administration. They can be administered, for 
example, perorally, e. g. in the form of tablets, coated tablets, drag6es, hard and 
soft gelatine capsules, solutions, emulsions or suspensions, rectally, e. g. in the 

10 form of suppositories, parenterally, e. g. in the form of injection solutions or 
infusion solutions, or topically, e. g. in the form of ointments, creams or oils. 

The production of pharmaceutical preparations can be effected in a manner which 
will be familiar to any person skilled in the art by bringing the described 
1 5 compounds of formula I and their pharmaceutically acceptable acid addition salts, 
optionally in combination with other therapeutically valuable substances, into a 
galenical administration form together with suitable, non-toxic, inert, 
therapeutically compatible solid or liquid carrier materials and, if desired, usual 
pharmaceutical adjuvants in a maimer known per se. 

20 

Suitable carrier materials are not only inorganic carrier materials, but also organic 
carrier materials. Thus, for example, lactose, com starch or derivatives thereof, 
talc, stearic acid or its salts can be used as carrier materials for tablets, coated 
tablets, dragtes and hard gelatine capsules. Suitable carrier materials for soft 

25 gelatine capsules are, for example, vegetable oils, waxes, fats and semi-solid and 
liquid polyols (depending on the nature of the active ingredient no carriers are, 
however, required in the case of soft gelatine capsules). Suitable carrier materials 
for the production of solutions and syrups are, for example, water, polyols, 
sucrose, invert sugar and the like. Suitable carrier materials for injections are, for 

30 example, water, alcohols, polyols, glycerols and vegetable oils. Suitable carrier 
materials for suppositories are, for example, natural or hardened oils, waxes, fats 
and semi-liquid or liquid polyols. Suitable carrier materials for topical 
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preparations are glycerides, semi-synthetic and synthetic glycerides, hydrogenated 
oils, liquid waxes, liquid paraffins, liquid fatty alcohols, sterols, polyethylene 
glycols and cellulose derivatives. 

5 Usual stabilizers, preservatives, wetting and emulsifying agents, consistency- 
improving agents, flavour-improving agents, salts for varying the osmotic 
pressure, buffer substances, solubilizers, colorants and masking agents and 
antioxidants come into consideration as pharmaceutical adjuvants. 

10 General remarks 

The compounds were characterized at least by LC-MS and ^H-NMR. Only the 
LC-MS data are given in the earlier application filed by the applicant (Actelion 
Pharmaceuticals Ltd.). 

15 

Synthetic Approaches for the preparation of compounds of general formula I: 

Preparation of the precursors: 

20 Precursors are compounds which were prepared as key intermediates and/or 
building blocks and which were suitable for further transformations in parallel 
chemistry. 
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Bicyclononanone A was prepared fix)m (4-benzyl-6-ettioxycarbonylmethyl-l- 
methylpiperazin-2-yl) acetic acid ethyl ester (Patent Application WO92/05174) as 
described in Scheme 1. Derivative A might also be present as enol form. In order 
to allow a coupling at the 7-position of bicyclononane A with aryl bromides, the 
5 vinyl triflate derivative B was prepared. 

Scheme 1 




10 

The bromoaryl compon^ts can be prepared as described in Scheme 2. A 
Mitsunobu coupling compounds of type Q or the alkylation of an alcohol with 
a benzylic chloride (or bromide, -> compounds of type D) are often the most 
convenient methods. Derivatives E and F were prepared in one step from l-(3- 

15 chloropropoxymethyl)-2-methoxybenzene (Vieira E. et al., Bioorg. Med. Chem, 
Letters, 1999, P, 1397) or 3-(5-bromopyridin-2-yloxy)propan-l-ol (Patent 
Application WO 98/39328) according to these methods. Other methods for the 
preparation of ethers or thioethers, like a Williamson synthesis, might be used as 
well (see e.g. March, J, "Advanced Organic Chemistry,", 3"* ed., John Wiley and 

20 sons, 1985). 
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Scheme 2 




5 As shown in Scheme 3, these bromoaryl derivatives might then be coupled to 
triflate B in the presence of Pd(PPh3)4 or a related Pd(0)-complex in order to 
obtain bicyclononenes G (for details see the corresponding examples). Protective 
group manipxilation would lead to the bicyclononenes H, which can finally be 
reduced to the alcohol derivatives J. 
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Scheme 3 




5 If is O-SEM and X is CH, in compounds of type J, the SEM-protecting group 
can be cleaved under slightly acidic conditions, while the Boc-protecting group 
remains untouched as illustrated in Scheme 4. The phenolic moiety of 
bicyclononene K might then be alkylated to bicyclononene L. This alkohol 
intermediate would be transformed into the ester M, and the Boc-protecting group 

10 can finally be cleaved to yield precursor N. 
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Schane4 



>SEM 




P-PinkerHUl 




P-pinker]-[U] 




[linkerHU] 



5 If X is N (Scheme 3), bicyclononenes of type J can be esterified to 
bicyclononenes O that can be deprotected to precursors P (Scheme 5). 

Scheme 5 



10 




2HC1 



If, in alkohols J, X is CH (Scheme 6) and, for instance, R' is 0(CH2)qOTBDMS 
or (CH2)qOTBDMS (Scheme 3), an esterification might lead to bicyclononenes Q 
(Scheme 6). Under acidic conditions, both the Boc- and the TBDMS-gro\q>s 
15 would be cleaved and the secondary amine might be acylated, sulfonated, or 
alkylated to yield precursors R 
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Scheme 6 




DTBDMS 



iH 



HO 



Q 



R 



5 



As illustrated in Scheme 7, the Boc-protecting group of bicyclononenes H migjbt 
be cleaved and the resulting secondary amine acylated, sulfonated, or A^-alkylated 
to bicyclononenes S. Saponification of the ester would lead to precursors T. If, 
for instance, is 0(CH2)nOTBDMS or (CH2)nOTBDMS, the silyl ether might be 

10 cleaved simultaneously during the cleavage of the Boc-protecting group or during 
the saponification. The acid might be transformed into an amide to lead to 
precursors U. Alternatively, amides U can be prepared fi-om bicyclononenes H 
through the acids V, with simultaneous cleavage of the silyl ether. Reaction of the 
adds y with amines might give the amides W that can be transformed into 

15 precursors U. The amines can be prepared according to the literature or as 
described in the experimental part. 



r 
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Scheme 7 




5 As illustrated in Scheme 8, the bicyclononenes S might be reduced to the 
corresponding alcohols X. The alcohol derivative X might then be oxidised to flie 
aldehydes Y, which might transformed to the precursors Z by reductive 
amination. 
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Scheme 8 




5 As shown in Scheme 9, a compound of type H might also be saponified to a 
compound of type AA. After amide coupling to a derivative of type AB, removal 
of the Boc-group would yield a precursor of type AC. 

Scheme 9 

10 
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As illustrated in Scheme 10, a compound of type S might also be transfoimed into 
a compound of type AH that in turn can be saponified to a precursor of type AJ, * 

Scheme 10 

5 




Alternatively precursors of type AJ might be prepared from bicyclononanone A, 
but using the benzyl ester instead of the ethyl ester, as illustrated in Scheme 11. 
10 After a transesterification to compound AM similar reactions as described here 
above would lead to compounds AN, AO, AP, AQ ,AR and finally AX 
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Scheme 1 1 




AJ 



As shown in Scheme 12 a precursor of type AL might be prepared as well in two 
steps from a compound of type W, 
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Sometimes it might be necessary to transfomi a substituent furflier after attaching 
it on the bicyclic template. For instance a compoimd of type AS, obtained by 
amide coupling from a compound of type AJ, might be transfomied into a 
precursor of type AT, AU, or AV, as illustrated in Scheme 13. 

5 

Scheme 13 




10 As illustrated in Scheme 14 compounds of type H might be deprotected into 
compoxmds of type AW. This type of compounds might be then transformed into 
compounds of type AX and finally into compounds of type AY. Compounds of 
type AY might also be prepared from compounds of type AP. Compounds of 
type AY might be transformed into corapoxmds of type AK. Compounds of type 

1 5 AK might be finally transfomied into precursors of type AL. 
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Sdi^e 14 




5 Alternatively, as shown in Scheme 15, AX might be transfonned into a compound 
of type BL, than might be then lead to a compound of type A J. 
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Scheme IS 




5 As shown in Scheme 16 compounds of type H or S might be transfonned into 
compounds of type AZ (the substituent at the N(3) position be L or Boc). Then 
compoxmds of type T might be obtained that might be then transformed into 
compounds of type BA. Finally precursors of type BB might be prepared. 

10 Scheme 16 




Also, as shown in Scheme 17, compoxmds of type AK might be transfonned into 
precursors of type BC. 
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Scheme 17 




5 Also, a compound of type S migjit be transfonned into a compound of type BM, 
as shown in Scheme 18. A compound of type BM nwght be then saponified into a 
precursor of type BN. 

Scheme 18 

10 




Preparation of the secondary amines 

IS It might be necessary to prepare secondary amines as well. This might be done by 
reductive amination from the correspondmg amine and aldehyde, or by amide 
coupling, from the corresponding amine and caiboxylic acid, followed by 
reduction with LAH or borane. These standard procedures are well-described in 
the literature. (2-Allylphenyl)cyclopropylamine, necessary for instance in Scheme 

20 13, might be prepared by allylation of 2-bromoben2aldehyde, protected as an 
acetal; subsequent deprotection to the 2-allylbenzaldehyde and reductive 
amination would lead to the desired amine. 
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Preparation of final compounds 

From precursors prepared as described above, the final compounds can be 
prepared using parallel chemistry techniques. For the specific examples, see tibe 
5 experimental part. 

Diazabicyclononenes of type of N can be acylated, or alkylated, or sulfonated, 
using standard procedures (Scheme 19), and then directly deprotected to yield the 
final compounds (for numbering, see specific examples). In each case, 
10 purification by preparative HPLC might give the corresponding TFA salts or 
formate salts. 



Scheme 19 



15 




Precursors R, U or BB (with a L-substituent at the N(3)-position) might be 
transformed into the corresponding aryl ethers (Scheme 20), using the Mitsunobu 
reaction conditions. After deprotection, the final compoxmds are obtained. 

20 
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Scheme 20 




5 Precursors T, A J or AV might be submitted to an amide coupling (Scheme 21). 
Deprotection would lead to the desired final compounds. 

Scheme 21 




Compounds Z might be reacted with acylating (or sulfonating) reagents to lead to 
the corresponding amides (or sulfonamides) as well (Scheme 22). Deprotection 
would lead to the final compounds. 

15 
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Schrane 22 




5 Compounds of type AC or AL can be reacted as well with acylating, sulfonating 
or alkylating reagents (Scheme 23). After deprotection, the final compounds 
would be obtained. 



Scheme 23 



10 





15 



Precursors of type BC might also lead to final compounds as indicated in Scheme 
24. 

Scheme 24 
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Enantioselective synthesis: 

The compounds of the present invention contain at least two chiral centers which, 
however, are not independent from each other. The synthetic mefliods presented 

5 so far might lead to racemates. Both enantiomers might be prepared selectively 
starting from a me^o-bicyclononane derivative, like compoxmd AD (Blount B. K., 
Robinson, R., J, Chem, Soc, 1932, 2485) or AE, prepared similarly to compound 
A with a subsequent decarboxylation (Scheme 25). For instance, compound AE 
might be stereoselectively acylated to bicyclononane derivatives AF or AG as 

10 already described elsewhere for similar compounds (Majewski M., Lasny R., J. 
Org. Chem,, 1995, 60, 5825). Similarly, the other enantiomer might be prepared. 

Scheme 25 




AD: R** = Me AF: = Boc, R^= Me 

AE: R** - Boc AG: R^ « Boc, R*" = Bn 



Finally precursor BK might be prepared as described in Scheme 26. 
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Scheme 25 
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Examples 



General remarks 



5 The compounds were characterized at least by LC-MS and ^H-NMR. Only the 
LC-MS data are given here. 

Abbreviations 



10 AcCl Acetyl chloride 

ACE Angiotensin ConvCTting Enzyme 

AcOH Acetic add 

aq. aqueous 

9-BBN 9-Borabicyclo[3.3. l]nonane 

15 Bn Benzyl 

Boc ferf-Butyloxycarbonyl 

BSA Bovine serum albumine 

BuLi n-Butyllithium 

GDI l,l-Carbonyldiimida2ol 

20 cone. concentrated 

DIB AL Diisobutylaluminium hydride 

DIPEA Diisopropylelhylamine 

DMAP 4-A/;jV-Dimethylaminopyridine 

DMF jy;Ar-Dimethylformainide 

25 DMSO Dimethylsulfoxide 

EDCHGl Ethyl~iy;iV-dimethyiaminopropylcarbodiimide hydrochloride 

EIA Enzyme immunoassay 

eq. equivalent 

Et Ethyl 

30 EtOAc Ethyl acetate 

FG Flash Ghromatography 

HOBt Hydroxybenzotriazol 
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KHMDS Potassium hexamefhyldisilazide 

LAH Lithium aluminium hydride 

MeOH Methanol 

MPLC Medium Pressure Liquid Chromatography 

5 NMO iV-MethyhnorpholineiV-oxide 

org. organic 

PG protecting group 

Ph Phenyl 

RPl 8 Reversed phase column, filled with Cig hydrocarbon 

10 rt room temperature 

SEM Trimethylsilyleflioxymethyl 

sol. Solution 

TBAF Tetra-n-butylammonium fluoride 

TBDMS /er/-Butyldimethylsilyl 
15 TBDPS ter^-Butyldiphenylsilyl 

tBuOH ter^Butanol 

tBuOK Potassium ^err-butylate 

Tf Trifluoromethylsulfonyl 

TFA Trifluoroacetic acid 
20 THF Tetrahydrofuran 

TLC Thin Layer Chromatography 

TMAD /iT^^iN^'^-Tetramethylazodicarboxamide 



Preparation of the precursors 

25 

(rac.y(lR*, 5iy*)-9-Methyl-7-oxo-3,9-diazabicyclo[3.3.11iionane-3,6-dicarbo- 
xylic acid 3-/eif-butyl ester 6-etfayl ester (A) 

(4-Benzyl-6-ethoxycarbonyhnethyl-l-methyl-piperazin-2-yl)acetic acid ethyl ester 
30 (Patent WO 92/05174) (71.0 g, 0.196 mol) was dissolved in MeOH (400 mL). 
TFA (77.8 mL, L02 mol) was added and the flask was purged with nitrogen. 
Pd/C (10%, 50% moisture, 3.6 g) was added. The flask was closed and purged 
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with hydrogen (3x). After 1 day, the mixture was filtered through Celite and 
washed with MeOH. The solvents were removed under reduced pressure and the 
foamy residue (92.7 g) was dried under hi^ vacuxmi. A sol. of tBuOK (1 17.2 g, 
1.04 mol) in tolurae (3.07 L) was heated to reflux. A sol. of ttie crude piperazine 
5 formerly obtained, dissolved in THF (300 mL), was added dropwise over 50 min. 
The black mixture was stirred for 10 further min. and allowed to cool to rt. The 
mixture was cooled to 0 °C and AcOH (36.6 mL, 0.635 mol) was added. The 
solvents were removed under reduced pressure. This crude material was 
, suspended in CH2CI2 (400 mL) and cooled to 0 ^C. DIPEA (19.1 mL, 1 12 mmol) 

10 was added. A sol. of B0C2O (24.3 g, 1 13 mmol) in CH2CI2 (200 mL) was added 
dropwise. The mixture was stured for 1 h at 0 X, then 1 h at rt. The mixture was 
washed with aq. 10% Na2CC)3 (2x). The org. extracts were dried over MgS04, 
filtered and the solvents were evaporated under reduced pressure. The residue 
was purified by FC (EtOAc/heptane 1:1 -> EtOAc). The title compound was 

15 obtained as oil (24.5 g, 38%). Rf = 0.05 (EtOAc/heptane 1:1) or 0.56 
(MeOH/CH2Cl2 1:9). LC-MS: R* = 2.94; ES+: 325.19. 

{rac.y{lR\ 5*$'*)-9-Methyl-7-trifluoromethanesiilfonyloxy-3,9-diazabicyclo- 
[3.3.1]iion-6-ene-3,6-diGarboxylic acid 3-^^it-butyl ester 6-ethyl ester (B) 

20 

A sol. of bicyclononanone A (2.22 g, 6.80 mmol) in THF (50 mL) was cooled to 0 
and NaH (about 60% in mineral oil, 326 mg, about 8.2 mmol) was added. A 
gas evolution was observed. After 20 min, Tf2NPh (3.22 g, 9.00 mmol) was 
added. 10 min later, the ice bath was removed. After 3 h, the sol. was diluted 
25 with EtOAc and washed with brine (Ix). The org. extracts were dried over 
MgS04, filtered, and the solvents were removed under reduced pressure. 
Purification by FC (EtOAc/heptane 3:1 ^ EtOAc) yielded the title compound as 
an oil (2.50 g, 80%). Rf - 0.15 (EtOAc/heptane 1:1). LC-MS: Rt = 4.73; ES+: 
458.95. 

30 

Compounds of type C 
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3-(4-Bromopheny0prop-l-yl2-chloropheiiyl ether (CI) 

To a sol. of 3-(4-bromophenyl)propan-l-ol (Glover S. A., et al; Tetrahedron, 
1990, 46, 7247; 24.5 g, 0.114 mol) in toluene (600 mL) under nitrogen were 

5 added 2-chlorophenol (17.4 mL, 0.171 nraiol), diisopropyl azodicarboxylate (33.1 
mL, 0.171 mol) and tri-n-butylphosphine (42.2 mL, 0.171 mol). The sol. was 
heated to reflux and stirred under reflux overnight. The sol. was allowed to cool 
to rt and the solvents were removed under reduced pressure. The residue was 
diluted in EtOAc and washed with aq. IM HCl (Ix) and aq. IM NaOH (2x). The 

10 org. extracts were dried over MgS04, filtered and the solvents were removed 
under reduced pressure. Purification of the residue by FC (petroleum ether 
Et20/petroleum eflier 1:99 -> 1:19) led to the tide compound (15.1 g, 41%). Rf = 
0.70 (EtOAc/heptane 1:3). 

15 2-(4-Bromophenyl)eth-l-yl 2^^trimethylphenyl ether (C2) 

A mixture of 2-(4-bromophenyl)ethanol (20.0 mL, 143 mmol), 2,3,5- 
trimethylphenol (31.1 g, 229 mmol), azodicarboxyUc dipiperidide (72.1 g, 286 
mmol) and tributylphosphine (88 mL; 357 mmol) in toluene (2.00 L) was heated 

20 to reflux for 2 h. The mixture was allowed to cool to rt. The mixture was filtered, 
washed with toluene and the solvents were partially removed under reduced 
pressure. The residue was diluted with Et20 and washed with aq. IM NaOH (2x). 
The org. extracts were dried over MgS04, filtered, and the solvents were removed 
under reduced pressure. Purification of the residue by FC (petroleum ether -> 

25 Et20/petroleum ether 1:3) yielded the titiie compound (33.1 g, 73%). LC-MS: Rt = 
6.95. 

l-Bromo-4-[3-(2-methoxybenzyl)propoxylbenzene (E) 



30 4-Bromophenol (4.32 g, 25.0 mmol) and l-(3-chloropropoxymethyl)-2-methoxy- 
benzene (Vieira E., et al, Bioorg. Med. Chem. Letters, 1999, 9, 1397,4.88 g, 22.7 
mmoL) were dissolved in DMF (150 mL). Nal (1.50 g, 0.10 mmol) and CS2CO3 
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(16.3 g, 50.0 mmol) were added. The mixture was heated to 80 °C and stirred for 
6 h, before it was allowed to cool to rt. After dilution with EtOAc (600 yxiL) the 
mixture was washed with water (Ix), aq. IM NaOH (Ix). aq, IM HCl (Ix), The 
org. extracts were dried over MgS04 and filtered. The solvents wore removed 
5 xmder reduced pressure. Purification of the residue by FC (EtaO/petroleum ether 
1:9 1:4) yielded the title compound (5.66 g, 71%). Rf = 0.60 (EtiO/heptane 
1:1). 

5-Bromo-2-[3-(2-methoxybeiizyloxy)propoxy]pyridjne(F) 

10 

3-(5-Bromopyridin-2-yIoxy)propan-l-ol (Patent Application WO 98/39328, 
1.05 a 4.51 nmiol) was diluted at rt in DMF (24 ml) and the sol. cooled to 0 "^C. 
NaH (55 - 65 wei^t % in mineral oil, 193 mg; 4.42 - 5.23 mmol) was added and 
tibie yellow mixture was stirred for 20 min. 2-Methoxybenzyl chloride (1.49 ml, 

15 10.7 mmol) was added and the solution was allowed to warm to rt and was stirred 
for 4 h. The mixture was quenched with ice and diluted with EtOAc (20 ml), 
washed with brine and water, dried over MgS04 and filtered. The solvents were 
evaporated under reduced pressure. Purification of the residue by FC (Et20, 
heptane 1 :39 -> 1 :19) yielded the title compound (627 mg, 40 %) as an oil. Rf = 

20 0.07 (EtiO / heptane, 1 :3). 

Compounds of type G 

irac.yilR% 5i9'^-9-Methyl-7-[4-(2-trimethylsilanyIethoxymedioxy)ph 
25 3,9-diazabicyclo[33.1]non-6-ene-3,6-dicarboxylic acid 3-ter^butyl ester 6- 
ethyl ester (Gl) 

A sol. of [2-(4-bromophenoxymethoxy)ethyl]trimethylsilane (Blass B. E., et al,, 
Tetrahedron Lett., 2001, 42, 1611, 4.13 g, 13.6 mmol) in THF (30 mL) was 
30 cooled to -78 **C. BuLi (1.6 M in hexane, 9.1 mL, 14.6 mmol) was added. The 
sol. was stirred at -78 for 30 min. A sol. of ZnCl2, prepared firom ZnCh (2.23 
g, about 16.4 mmol) dried under high vacuum for 2 h at 140 ^'C and THF (35 mL), 
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was added and flie resulting sol. was allowed to wann \q) to rt A sol. of 
bicyclononene B (2.50 g, 5.45 nunol) in THF ( 5 mL) and then Pd(PPh3)4 (157 
mg, 0.136 mmol) were added. After 10 min, the reaction mixture was heated to 
reflux. After 90 min, the reaction mixture was allowed to cool to rt and quenched 
5 with aq. 1 M HCl. The mixture was diluted with EtOAc and washed with aq. 1 0% 
NaaCOs (Ix). The org. extracts were dried over MgS04 and filtered. The solvents 
were removed under reduced pressure. Purification of the residue by FC 
(MeOH/CHaClz 1:39 1:24 -> 1:20) yielded the title compound as an oil (2.90 
g, 99%). Rf = 0.39 (MeOH/CH2Cl2 1:9). LC-MS: Rt = 4.35; ES+: 533.29. 

10 

iraay-i^* 55'*)-7-{4-[2-(tert-Butyldimethyl8aaiiyloxy)ethyl]phenyl}-9-me- 
thyl-3^dia2abicydo[3J.l]non-6-eiie-3,6-dicarboxyIic acid 3-tert-butyl ester 
6-ethyl ester (G2) 

15 A sol. of [2-(4-bromophenyl)ethoxy]-ter/-butyldimethylsilane (Fuji K., et al. 
Tetrahedron Lett., 1990, 31, 6553, 21.8 g, 69.1 mmol) in THF (250 mL) was 
cooled to -78 "C. BuLi (1.55M in hexane, 44.6 mL, 69.1 mmol) was added. The 
sol. turned temporarily orange, then yellowish. After 30 min, ZnCla (IM in THF, 
70 mL, 70 mmol, prepared as described for Gl) was added. The sol. was allowed 

20 to warm up to rt. Vinyl triflate B (12.91 g, 28.2 mmol) dissolved in THF (20 mL), 
and Pd(PPh3)4 (600 mg, 0.519 mmol) were added. The sol. was stirred at rt for 90 
min and aq. IM HCl (1 mL) was then added. The mixture was diluted in EtOAc 
and washed with aq. IM NaOH (Ix). The org. extracts were dried over MgS04, 
filtered, and the solvents were removed under reduced pressure. Purification of 

25 the residue by FC (MeOH/CHjClz 1 :49 1 :24 3:47 ^ 2:25) yielded the title 
compound (10.91 g, 71%). Rf = 0.65 (MeOH/CHjaz 1:9). LC-MS: Rt = 5.32; 
ES+: 545.49. 

irac.)-(ljR*, 55*)-7-{4-(3-(tert-ButyldimethylsUanyloxy)propyl]phenyl}-9-me- 
30 thyl-3,9-diazabicycIoI3.3.11non-6-ene-3,6-dicarboxyUc acid 3-tert-butyl ester 
6-ethyl ester (G3) 
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A sol. of [3-(4-bioinophenyl)propoxy]-«er/-butyldiinethylsaane (Kiesewetter D. 
O., Tetrahedron Asymmetry, 1993, 4, 2183, 22.60 g, 68.6 mmol) in THF (250 mL) 
was cooled to -78 "C. BuLi (1.55M in hexane, 44.3 mL, 68.6 nnnol) was added. 
The sol. turned orange, then dark green. After 30 min, ZnCl2 (IM in THF, 69 mL, 

5 69 mmol, prepared as described for G2) was added, whereas the sol. turned deep 
yellow. The mixture was allowed to warm up to rt Vinyl triflate B (12.91 g, 28.2 
nmiol) in THF (20 mL) and then Pd(PPh3)4 (600 mg, 0.519 mmol) were added. 
The mixture was stirred at rt for 90 min and aq. IM HCl (1 mL) was added. The 
mixture was diluted with EtOAc and washed with aq. IM NaOH (Ix). The org. 

10 extracts were dried over MgS04, filtered and the solvents were removed under 
reduced pressure. Purification of the residue by FC (MeOH/CH2a2 1:49 1:24 
^ 3:47 -> 2:23) yielded the title product (10.76 g, 70%). Rf = 0.60 
(MeOH/CH2Cl2 1 :9). LC-MS: Rt = 4.95; ES+: 559.51. 

15 {rac.)-ilR*, 55'*)-7-{6-[3-(2-Methoxybeiizyloxy)propoxy]pyridin-3-yl}-9-me- 
thyl-3,9-diazabicyclo[3.3.11non-6-ene-3,6-dicarboxylic acid 3-terf-butyI ester 
6-ethyl ester (G4) 

A sol. of bromopyridinyl derivative F (300 mg, 852 jumol) in THF (10 ml) was 
20 cooled to -78 °C. BuLi (1.55M in hexane, 0.580 ml, 889 jumol) was added and 
the mixture was stirred for 30 min. ZnCh (IM in THF, 0.94 ml, 0.94 mmol, 
prepared as described for G2) was added and the reaction mixture was allowed to 
warm up to rt. Vinyl triflate B (259 mg, 596 /anol) in THF (1 ml), was added, 
followed by Pd(PPh3)4 (20.4 mg, 16.6 /mol). The mixture was refluxed for 2 h. 
25 The reaction was traminated upon addition of ice. After dilution with EtOAc (125 
ml), the reaction mixture was washed with 10% aq. Na2C03 and the org. extracts 
were dried over MgS04 and filtered. The solvents were evaporated under reduced 
pressure. Purification of the residue by FC (CH2Cl2/MeOH: 39:1 -> 29:1 
24:1 -> 19:1-^9:1) led to title compound (197 mg, 54%). Rf = 0.35 
30 (CHzCb/MeOH 9:1). LC-MS: R« = 4.06; ES+: 582.78. 
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(racyilM *, 5iS'*)-7-{4-[3-(2-Metho3n|^beiizyloxy)propoxy^ 
3^-diazabicyclo[3.3.1]non-6-eiie*3,6-dicarboxyUc acid 3-^£it-butyl ester 6- 
ethyl ester (G5) 

5 A sol of bromophenyl derivative E (5.60 g, 15.9 iiunol) in THF (50 mL) was 
cooled to -78 ^'C. BuLi (1.55M in hexane, 10.3 mL, 15.9 mmol) was added. The 
sol was stirred at -78 °C for 30 min and ZnCl2 (IM in THF, 17.5 mL, 17.5 mmol, 
prepared as described for G2) was added. After warming up to rt, a sol. of vinyl 
triflate B (3.63 g, 7.90 mmol) in THF (5 mL), followed by Pd(PPh3)4 (205 mg, 

10 0.177 mmol), were added. The mixture was heated to reflnx while turning black. 
After 1 h, the reaction mixture was allowed to cool to rt Ice was added and the 
mixture was diluted in EtOAc. The org. extracts were washed with aq. IM NaOH 
(Ix) and dried over MgS04. The solvents were removed under reduced pressure. 
Purification of the residue by FC (MeOH/CH2Cl2 1:49 ^ 3:97 1:24 -> 1:19 

15 1:9) yielded the title compound (4.57 g, 99%). Rf - 0.50 (MeOH/CH2Cl2 1:9). 
LC-MS: Rt = 4.17; ESH-: 581.60. 

(rac.)-(J^* 5*S'*)-7-{4-[3-(2-Chlorophenoxy)propyI]phenyI}-9-methyl-3,9-di- 
azabicyclo[3.3.1]non-6-ene-3,6-dicarboxyIic acid 3-ter^butyl ester 6-ethyI 
20 ester (G6) 

A sol. of bromophenyl derivative CI (16.0 g, 49.0 mmol) in THF (700 mL) was 
cooled to -78 ^'C. BuLi (1.55M in hexane, 34.8 mL, 54.0 mmol) was added. The 
sol. was stirred at -78 for 30 min and ZnCfe (IM in THF, 54.0 mL, 54.0 mmol, 

25 prepared as desaribed for G2) was added. After warming up to rt, a sol, of vinyl 
triflate B (15.0 g, 32.7 mmol) in THF (50 mL), followed by Pd(PPh3)4 (945 mg, 
0.818 mmol), were added. The sol. was heated to reflux. After 30 min, the 
reaction mixture was allowed to cool to rt. Ice was added and the mixture was 
diluted in EtOAc. The org. phase was washed with aq. IM NaOH (Ix) and dried 

30 overMgS04. The solvents were removed under reduced pressure. Purification of 
the residue by FC (MeOH/CH2Cl2 1:49 3:97 ^ 1:24 -> 1:19 ^ 1:9) yielded 
the titie compound (10.5 g, 58%). LC-MS: Rt = 4.41; ES+: 555.13. 
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(raa)-(JjR* 55*>7-{4-[2-(teit-Butyldimethybaanyloxy)ethoxylphen^^ 
methyI-399-diazabicydo[3JJ]non-6-ene-3,6-diGarboxylic acid S-tert-butyl 
ester 6-ethyl ester (G7) 

5 

BuLi (1.6 M in hexane, 218 mL, 350 mmol) was added to a sol. of [2-(4-bromo- 
phenoxy)ethoxy]-terr-butyldimethyIsilane (Merita, C; et al.al; Heterocycles, 
2000, 52, 1163; 129 g, 342 mmol) in THF (1.0 L) at -78 °C. The mixture was 
, stirred for 1 h at -78 **C, and ZnCh (IM in THF, 400 mL, 400 mmol, prepared as 

10 described for G2) was added. The mixture was allowed to warm up to rt. 
Bicyclononene B (78.4 g, 171 mmol) and Pd(PPh3)4 (4.94 g, 4.28 mmol) were 
added. The mixture was heated to reflux for 0.5 h, and was allowed to cool to rt. 
Aq. IM HCl (2 mL) was added. The mixture was diluted with EtOAc (2 L) and 
washed with aq. IM NaOH (750 mL). The aq. extracts were extracted back with 

1 5 EtOAc (Ix). The combined org. extracts were dried over MgS04, filtered, and the 
solvents were removed mider reduced pressure. Purification of the residue by FC 
(MeOH/CH2Cl2 1:49 ~> 1:24 -> 3:47 -4 2:23) yielded the title compound (87,7 g, 
91%). Rf==0.60(MeOH/CH2C12 1:9). LC-MS: Rt = 4.74; ES+: 561.41. 

20 (rac.)-(i^*, 5*S*)-7-{4-I2-(terr-Butyldiphenylsilanyloxy)ethyllphenyl}-^^ 
methyl-3,9-diazabicyclo[3J.l]non-6-eiie-3,6-dicarboxylic acid 3-teit-butyl 
ester 6-ethyl ester (G8) 

BuLi (1.5 M in hexane, 13.4 mL, 20 mmol) was added to a sol. [2-(4-bromo- 
25 phenyl)ethoxy]-^er/-butyldiphenylsilane (8.79 g, 20.0 mmol, prepared fit)m 2-(4- 
bromophenyl)ethanol, TBDPS-Cl and imidazol in DMF) in THF (40 mL) at -78 
""C. The mixture was stirred for 30 min at -78 ^'C, and ZnCh (IM in THF, 24 mL, 
24 mmol, prepared as described for G2) was added. The mixture was allowed to 
warm up to rt. Bicyclononene B (3.67 g, 8.00 mmol) and Pd(PPh3)4 (231 mg, 0.20 
30 mmol) were added. The mixture was heated to 40 "^C for 40 min, and was allowed 
to cool to rt. Aq. IM HCl (2 mL) was added. The mixture was diluted with 
EtOAc and washed with aq. IM NaOH. The aq. extracts were extracted back wi& 
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EtOAc (Ix). The combined org. extracts were dried over MgS04, filtered, and the 
solvCTts were r^oved under reduced pressure. Purification of the residue by FC 
(MeOH/CHiCh 1:49 1:24 ^ 3:47 2:23) yielded the title compound (4.32 g, 
81%). LC-MS: Rt = 1.06; ES+: 669.49. 

5 

Compounds of type H 

(rac.yilR* 55'*)-7*[4-(2-Trimethylsaanylethoxymethoxy)phenyl]-3^diazabi- 
cyclo[33.1]noii-6-eiie-3,6,9-tricarboxylic acid 3-^^it-butyl ester 6-ethyl ester 
10 9-(2^^-trichloro-l,l-dimeihylethyl) ester (HI) 

P,P,P— -Trichloro-^err-butyl chlorofonnate (6.60 g, 27.5 mmol) was added to a sol. 
of bicyclononene Gl (2.93 g, 5.50 mmol) in 1,2-dichloroethane (60 mL). The sol. 
was heated to reflux. After 3 h, the reaction mixture was allowed to cool to rt, and 
15 the solvents were removed xmder reduced pressure. Purification of the residue by 
FC (EtO Ac/heptane 1:4 1:3 -> 2:3 1:1) yielded the title compound as an oil 
(3.31 g, 83%). Rf = 0.52 (EtOAc/heptane 1:1). LC-MS: Rt = 7.40; ES+: 742.52. 

(rac.y{lR\ 5i9*)-7-{4-[2-(^fit-Butyldimethylsflanyloxy)ethyI]phenyl}-3,9^^^ 
20 azabicyclo[3.3.1]non-6-eiie-3,6,9-tricarboxyIic add 3-r^rr-butyI ester 6-etfayl 
ester 9-(2,2^-trichloro-l,l-dimef]iylethyl) ester (H2) 

As for the preparation of compound HI, firom bicyclononene G2 (10.91 g, 20.0 
mmol), p,P5P-trichloro-^er^butyl chloroformate (24.0 g, 100 mmol), and 1,2- 
25 dichloroethane (210 mL). Purification of the residue FC (EtOAc/heptane 1:9 -> 
1:4 ->2:3) yielded the title compound (13.75 g, 94%). Rf = 0.64 (EtOAc/heptane 
1:1). LC-MS: Rt = 7.66; ES-f: 755.37. 

{racYilR*, 55'*)-7-{4-(3-(rgit-ButyldyuDriethylsaanyIoxy)propyllp 
30 azabicyclo(3.3.1]iion-6-ene-3,659-tricarboxyIic acid 3-tcrr-butyl ester 6-ethyl 
ester 9-(2,2,2-trichloro-l,l-dimethylefliyl) ester (H3) 
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As for the preparation of compound HI, from biQ'clononene G3 (10.96 g, 19.6 
mmol), p,p,p-trichloro-tert-butyl chlorofonnate (23.5 g, 98.1 mmol), and 1,2- 
dichloroethane (210 mL). Purification of the residue by FC (EtOAc/heptane 1:9 
1:4 -> 2:3) yielded the title compound (13.50 g, 92%). Rf = 0.58 
5 (EtOAc/heptane 1:1). LC-MS: R, = 7.79; ES+: 769.49. 

(racH^* 55*)-7-{6-l3-(2-Methoxybenzyloxy)propoxy]pyridin3-yl}-3,9-di- 
azabicyclo[33.1]non-6-ene-3,6,9-tricarboxyUc acid 3-tert-butyl ester 6-ethyl 
ester 9-(2^>trichloro-l,l-dimethyleth)1) ester 054) 

10 

As for flie preparation of compound HI, from bicyclononene G4 (373 mg, 0.642 
mmol), p,p,p-trichloio-tert-butyl chlorofonnate (770 mg, 3.11 mmol), and 1,2- 
dichloroethane (8 mL). Purification of the residue by FC (EtOAc/heptane 1:9 
1:4 -» 1:3) yielded the title compound (382 mg, 77%). Rf = 0.47 (EtOAc/heptane 
15 1:1). LC-MS: Rt = 7.14; ES+: 770.50. 

(racyil^* J5*)-7-{4-[3-(2-Methoxybenzyloxy)propoxylphenyl}-3,9-diazabi- 
cyclo(33.11non-6-ene-3,6,9-tricarboxyUc add 3-tert-butyl ester 6-ethyl ester 
9-(2^,2-trichloro-l,l-dimethylefliyl) ester (H5) 

20 

As for the preparation of con^und HI, from bicyclononene G5 (4.57 g, 7.87 
mmol), p,p,p-trichloro-tert-butyl chloroformate (9.44 g, 39.4 mmol), and 1,2- 
dichloroethane (100 mL). Purification of the residue by FC (EtOAc/heptane 1:9 
1:4 1:1) yielded the title compound (5.35 g, 88%). Rf = 0.46 
25 (EtOAc/heptane 1:1). 

(racyilR*, 5J*)-7-{4-[3-(2-Chlorophenoxy)propyl]phenyl}-3,9-diazabicyclo- 
[3.3.11non-6-ene-3,6^tricarboxyUc add 3-te»t-bu1yl ester 6-ethyl ester 9- 
(2,2>trichloro-l,l-dimethylethyl) ester (H6) 

30 

As for the preparation of compound HI, from bicyclononene G6 (10.51 g, 18.9 
mmol), p,p,p-trichloro-tert-butyl chloroformate (22.7 g, 94.7 mmol), and 1,2- 
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dichloroethane (350 mL). Purification of the residue by FC (EtOAc/heptane 1:8 
^ 1:4 1:1) yielded the title compound (12.5 g, 88%). 

(raayiJR* 5iS*)-7-{4-[2-(ferr-Bu<yldimethylsUanyloxy)ethoxy]phenyl}.3,9^ 
5 diazabicyclo[3.3.1]non-6-ene-3,6,9-tricarboxylic acid 3-r^rt-butyl ester 6-etfayl 
ester 9-(2,2^-trichloro-l,l-dimethyIethyl) ester (H7) 

As for the preparation of compound HI, from bicyclononene G7 (87.7 g, 156 
mmol), p,p,p-trichloro-ferf-butyl chlorofomiate (188 g, 784 mmol), and 1,2- 
10 dichloroethane (1.75 L). Purification of the residue by FC (EtOAc/heptane 1:19 
1:3) yielded the titie compound (111 g, 95%). Rf = 0.75 (EtOAc/heptane 1:1). 
LC-MS:Rt = 7.84. 

(racHlR* 55'*)-7-{4-[2-(/^/'/-ButyldiphenylsflanyIoxy)ethyl]phenyl}-3^-. 
15 diazabicycIo[3.3.1]non-6-ene-3,6,9-tricarboxylic acid 3-^^it-butyl ester 6*ethyl 
ester 9-(2 A2-tricWoro-l,l-dimethylethyl) ester (H8) 

As for the preparation of compound HI, from bicyclononene G8 (4.32 g, 6.46 
mmol), p,p,p-trichIoro-^crr-butyl chloroformate (7.75 g, 32.3 nraiol), and 1,2- 
20 dichloroethane (100 mL). Purification of the residue by FC (EtOAc/heptane 1:19 
^ 1:3) yielded tfie titie compound (4,97 g, 90%). Rf = 0.75 (EtOAc/heptane 1:1). 
LC-MS:R|=1.35. 

Compounds of type J 

25 

(rac.y(lR *, 5iS*)-6-Hydroxymethyl-7-[4-(2-trimethylsilanyIethoxymethoxy)- 
phenyl]-3,9-diazabicyclo[3*3.1]non-6-ene-3, 9-dicarboxylic acid 3-tert-hutyl 
ester 9-(232,2*trichloro-l,l-dimethylethyl) ester (Jl) 

30 A sol. of bicyclononene HI (3.31 g, 4.58 mmol) in CH2CI2 (60 mL) was cooled to 
-78 ""C. DIBAL (IM in toluene, 10.1 mL, 10.1 mmol) was added. The sol. was 
stirred for 30 min at -78 **C and was then allowed to warm slowly. DIBAL (5 
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mL) was added again after 1.5 h (-65 ^^C). Later, DBBAL was added successively 
in 5 mL-portions until TLC displayed no more starting material. Ice and water 
were then added at -50 The cold bath was removed and the mixture wanned 
slowly to rt. More CH2CI2 was added and the mixture was washed with aq. IM 
5 HCL The aq. phase was extracted with CH2CI2 (Ix) and the combined org. 
extracts were dried over MgS04. After filtration and evaporation of the solvents 
under reduced pressure, the residue was purified by FC (EtOAc/heptane 1 :4 1 :3 
2:3) to yield the title compound as an oil (1.89 g, 60%). Rf = 0.50 
(EtOAc/heptane 1:1). LC-MS: 11^ = 7.08; ES+: 661.38, 702.83. 

10 

{rac.y(lR% 55^7-{4-2-(feit-ButyldimeihylsUanyloxy)ethyI]pheny^^^ 
xymetfayl-3,9-diazabicycIo[3.3.1]non-6-eiie-3^-dicarboxylic acid 3-terr-butyl 
ester 9-(2,2^-tricUoro-l,l-dimefhylethyl) ester (J2) 

15 To a sol. of bicyclononene H2 (1,57 g, 2.32 ramol) in CH2CI2 (40 mL) at -78 °C 
DIBAL (IM in toluene, 5.80 mL, 5.80 mmol) was added. The sol. was stirred at 
-78 °C for 1 h. Ice was added, and the mixture was allowed to warm up to rt. 
More CH2CI2 was added and the org. extracts were washed with aq. IM HCl (Ix), 
dried over MgS04 and filtered. The solvents were removed under reduced 

20 pressure. Purification of the residue by FC (EtOAc/heptane 1:3) yielded the title 
compound (868 mg, 59%). LC-MS: Rt = 7.38; ES+: 715,48. 

(racHlR* 55*>7-{4-[3-(r&it-Bufyldimethylsilanyloxy)propyl]phenyl}-6-hy- 
droxymethyl-3,9-diazabicycIo[3.3.1]non-6-ene-3,9-dicarboxylic acid S-tert- 
25 butyl ester 9-(2^,2-trichloro-l,l^dimethylethyl) ester (J3) 

A sol. of bicyclononene H3 (2.39 g, 3.20 mmol) in CH2CI2 (55 mL) was cooled to 
-78 DBAL (IM in toluene, 8.00 mL, 8.00 mmol) was added and the mixture 
was stirred at -78 ''C for 1 h. Ice was added, and the mixture was allowed to warm 
30 up to rt. More CH2CI2 was added and the org. extracts were washed with aq. IM 
HCl (Ix), dried over MgS04 and filtered. The solvents were removed under 
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reduced pressure. Purification of the residue by FC (EtOAc/heptane 1:3) yielded 
the titie compound (1.34 g, 59%). LC-MS: R* = 7.59; ES+: 727.54. 

(racyilR *, 55*)-6-Hydroxymethyl-7-{6-[3-(2-meflioxybenzyloxy)propoxy]- 
5 pyridm-3-yl}-3,9-diazabicycloI3.3.11non-6-ene-3,9-dicarboxylic add S-tert- 
butyl ester 9-(2,2^-trichloro-l,l-dimethyletbyl) ester (J4) 

A sol. of bicyclononene H4 (345 mg, 0.447 nnnol) in CH2CI2 (10 mL) was cooled 
to -78 "C. DIBAL (IM in toluene, 1.92 mL, 1.92 mmol) was added. The mixture 

10 was stirred at -78 "C for 1 h and again two portions of DIBAL (0.50 mL, 0.50 
mmol) were added successively. After 2 h, ice was added. The mixture was 
allowed to warm iq> to rt and was diluted witii more CH2CI2. The org. extracts 
were washed with aq, 10% Na2C03 (2x), dried over MgS04 and filtered. The 
solvents were removed under reduced pressure. Purification of the residue by FC 

15 (EtOAc/heptane 1:4 1:3 2:3 3:1) yielded the title compound (122 mg, 
37%). Rf= 0.36 (EtOAc/heptane 1:1). LC-MS: Rt = 6.51; ES+: 728.49. 

{raayilR*, 55^*)-6-Hydroxymethyl-7-(4-hydroxyphenyl)-3,9-diazabicyclo- 
[3.3.1]non-6-eiie.3^-dicarboxyUc acid 3-tert-butyl ester 9-(2,2,2-tricliloro-l,l- 
20 dimethylethyl) ester (K) 

To a sol. of bicyclononene Jl (1.89 g, 2.79 mmol) in THF/MeOH (1:1, 20 mL), a 
sol. of cone. H2SO4 (0.100 mL) in MeOH (10 mL) was added. The mixture was 
stirred for 3 h at rt. The reaction mixture was diluted with EtOAc, washed with 
25 brine (Ix) and aq. sat. NaHCCb (Ix). The org. extracts were dried over MgS04 
and filtered. The solvents were removed under reduced pressure. Crystallization 
of the residue firom EtOAc/heptane led to the title compound (1.03 g, 67%). Rf = 
0.14 (EtOAc/heptane 1:1). LC-MS: Rt = 5.17; ES-: 547.06. 

30 {racy-ilR*, 55*)-6-HydroxymethyI-7-{4-[3-(2-methoxybenzyloxy)propoxy]- 
phenyl}-3^-diazabicyclo[3.3.11non-6-ene-3,9-dicarboxyIic acid 3-tert-butyl 
ester 9-(2,2,2-trichloro-l,l-dimethylethyl) ester (L) 
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To a sol. of bicyclononene K (1.03 g, 1.87 mmol) in DMF (20 mL) were added 
Nal (280 mg, 1.87 mmol), CS2CO3 (609 mg, 1.87 mmol) and then 1.(3- 
chloropropoxymethyl)-2-methoxybenzene (Vieira E., et al, Bioorg, Med. Chem. 
5 Letters, 1999, P, 1397, 400 mg, 1.87 mmol). The mixture was stirred at 100 
After 1.5 h, another portion of CS2CO3 (609 mg, 1.87 mmol) and l-(3- 
chloropropoxymethyl)-2-methoxybenzene chloride (400 mg, 1.87 mmol) were 
added to complete the reaction. After 1.5 h later, the mixture was allowed to cool 
to rt and diluted with EtOAc. The org. extracts were washed with brine (Ix). The 
10 org. extracts were dried over MgS04 and filtered. The solvents were removed 
under reduced pressure. Purification of the residue by FC (EtO Ac/heptane 1 :4 -> 
1:3 2:3) yielded the title compound (1.00 g, 73%). Rf = 0.35 (EtOAc/heptane 
1:1). LC-MS:Rt = 6.54. 

15 (facO-(ijR*, J5*)-7-{4-I3-(2-Methoxybenzyloxy)propoxy]phenyl}-6-[2-(2-me- 
thoxypheayI)acetoxymethyl]-3,9-diazabicyclo[3.3.1]non-6'-ene-3,9-dicar- 
boxylic acid 3-rer/-butyl ester 9-(2,2^-tiuchloro-l,l-dimethylethyl) ester (M) 

To a sol. of bicyclononene L (500 mg, 0.687 mmol) in CH2CI2 (10 mL) were 
20 added (2-methoxyphenyl)acetic acid (206 mg, 1.37 mmol), DMAP (cat. amount), 

DIPEA (0.230 mL, 1.34 mmol) and EDC-HCl (134 mg, 0.700 mmol). The sol. 
was stirred at rt for 90 min, whm a second portion of DIPEA (0.100 mL, 0.584 
mmol) was added. After 3 h, the reaction mixture was diluted m more CH2CI2 
and washed with water (Ix). The org. extracts were dried over MgS04, filtered, 
25 and the solvents were removed under reduced pressure. Purification of the residue 
by FC (EtOAc/heptane 1:4 1:3 2:3) yielded the title compound (495 mg, 
82%). Rf= 0.42 (EtOAc/heptane 1:1). LC-MS: Rt == 7.33; ES+: 897.33. 

(mc)-(ii?*, 55'*)-7-{4-[3-(2-Methoxybeiizyloxy)propoxy]phenyl}-6-[2-(2-ine- 
30 thoxyphenyl)acetoxymethyl]-3,9-diazabicyclo(3.3,llnon-6-ene-9-carboxylic 
add 2,2,2-tricliloro-l,l-dimetfaylethyl ester hydrochloride salt (N) 
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A mixture of CH2CI2 (3 mL) and HCl/dioxane (4M, 1 mL) was slowly added to 
bicyclononene M (495 mg, 0.585 mmol) in an ice bath. The resulting sol was 
stirred at 0 **C. After 1 h, HCl/dioxane (4M, 0.5 mL) was added, and 1 h later the 
ice bath was removed. After 75 min, the solvents were removed \mder reduced 
5 pressure and the residue dried xmder high vacuum. The resulting foam was 
estimated to contain about 80% of the title compound according to LC-MS and 
was used without further purification. LC-MS: Rt = 4.97; ES+: 774.97. 

iracHlR% 55*)-6-[2-(2-Methoxyphenyl)acetoxymethyll-7-{6-[3-(2-methoxy- 
10 beiizyloxy)propoxy]pyridiii-3-yl}-3^-diazabicyclo[33J]non-6-ene-3^-dic^^^ 
boxylic acid S-tert-hntyl ester 9-(2,2,2-trichloro-l,l-dimethyIethyI) ester (O) 

To a sol. of bicyclononene J4 (122 mg, 0.167 mmol) in CH2CI2 (5 mL) were 
added (2-methoxyphenyl)acetic add (50 mg, 0.328 mmol), DIPEA (0.126 mL, 

15 0.740 mmol), DMAP (cat. amount) and EDC-HCl (34 mg, 0.173 mmol). The 
mixture was stirred at rt for 3 h, then diluted in CH2CI2, and washed with washed 
with water (Ix). The org. extracts were dried over MgS04 and filtered. The 
solvents were removed imder reduced pressure. Purification of the residue by FC 
(EtOAc/heptane 1:4 -> 1:3 -> 2:3 -> 1:1) yielded the title compound (108 mg, 

20 74%). LC-MS: Rt = 7.34; ES+: 876.54. 

(racHlR*, 5iy*)-7-{6-[3-(2.Methoxybenzyloxy)propoxy]pyridin-3-yl}-6-[2-(^ 
methoxyphenyQacetoxymetfayl]-3,9-diazabicyclo[33.1]non-6-ene-9-carboxylic 
acid 2,2,2-trichIoro-l,l-dimethylethyl ester dihydrochloride salt (P) 

25 

Bicyclononene O (114 mg, 0.130 mmol) was dissolved in CH2CI2 (2 mL). The 
sol. was cooled to -40 ^'C and 4M HCl/dioxane (2 mL) was added. The sol. was 
stirred for 50 min while wanning up slowly to 0 **C and then stirred for 1 .5 h at 0 
®C. The solvents were rapidly removed under reduced pressure. The residue was 
30 dried under high vacuum to give the title compound (156 mg) as a foam that was 
used without further purification. LC-MS: Rt = 4.86; ES+: 776.48. 
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Compounds of type Q 

iracyilR* 5.S*)-7-{4-[2-(terr-Butyidmiethylsilanyloxy)ethyllphenyI}-6-(2-(2- 
methoxyphenyl)acetoxyinethyl]-3,9-dia2abicyclo[33.1]non-6-ene-3^-dicar- 
5 boxylic acid 3-te/t-butyl ester 9-(2^^tiichloro-l,l-dunethylethyI) ester (Ql) 

To a sol. of bicyclononene J2 (868 mg, 1.25 nunol) in CH2Ci2 (20 mL) were 
added (2-methoxyphenyl)acetic acid (343 mg, 2.06 mmol), DIPEA (0.652 mL, 
3.81 mmol), DMAP (cat. amount), and EDC-HCl (201 mg, 1.05 mmol). The 

10 mixture was stirred at rt for 1 h and EDC-HCl (73 mg, 0.38 mmol) and DIPEA 
(0.163 mmol, 0.952 mmol) were added again. After 30 min. the reaction mixture 
was diluted with CH2CI2, washed with aq. IM HCl (Ix), and aq. sat. NaHCOs 
(Ix). The org. extracts were dried over MgS04 and filtered. The solvaits were 
removed under reduced pressure. Purification of the residue by FC 

15 (EtOAc/heptane 1:3) yielded the title compound (948 mg, 90%). LC-MS: R< = 
7.98; ES+: 861.51. 

(racyilR*, 5.$«)-7-{4-[3-(tef«-ButyldimethyIsilanyIoxy)propyl]phenyI}-6-[2- 
(2-me.tlioxyplieny0acetoxymeliiyl]-3^diazabicydo[33.1]non-6-ene-3,S>-dicar- 
20 boxylic add 3-tert-hntyl ester 9-(2,2,2-trichIoro-l,l-dimethylethyI) ester (Q2) 

To a sol. of bicyclononene J3 (1.34 g, 1.90 mmol) in CH2CI2 (30 mL), were added 
2-methoxyphenylacetic add (633 mg, 3.81 nunol), DIPEA (0.652 mL, 3.81 
mmol), DMAP (cat. amount), and EDC-HCl (402 mg, 2.09 mmol). The sol. was 

25 stirred at rt for 1 h and EDC HCl (73 mg, 0.38 mmol) and DIPEA (0.163 mmol, 
0.952 mmol) were added again. After 30 min., the reaction mixture was diluted 
with CH2CI2, washed wifli aq. IM HCl (Ix) and aq. sat. NaHCOs (Ix). The org. 
extracts were dried over MgS04 and filtered. The solvents were removed under 
reduced pressure. Purification of the residue by FC (BtOAc/heptane 1:3) yielded 

30 the title compound (1.47 g, 90%). LC-MS: Rj = 8.17; ES+: 875.53. 



Compounds of type R 
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(racyilR^, 5iS*)-3-Acetyl-7-[4-(2-hydroxyeayl)phenyl]-6-[2-(2-methoxy- 
phenyI)acetoxymethyl]-3,9-diazabicyclo[33.1]non-6-ene-9-carboxyU^ acid 
2^;S-trichloro-l,l-diinetfaylethyl ester (Rl) 

5 

Bicyclononene Ql (948 mg, 1.13 mmol) was dissolved in CH2CI2 (20 mL), The 
sol. was cooled to 0 "^C and 4M HCl/dioxane (20 mL) was added. After 2.25 h the 
solvents were rapidly removed under reduced pressure, and the residue was 
immediately dried under high vacuum. The resulting foam was then dissolved in 

10 THF (55 mL) and cooled to -78 **C. DffEA (0.774 mL, 4.51 mmol) and DMAP 
(cat. amount) were added, followed by the addition of acetyl chloride (0.064 mL, 
0.91 mmol). After 2.5 h at -78 **C, MeOH (20 mL) was adde4 and the reaction 
mixture was allowed to warm to rt. The reaction mixture was diluted in EtOAc, 
washed with aq. 1 M HCl (Ix), and the org. extract were dried over MgS04 and 

15 filtered. The solvents were removed und^ reduced pressure. Purification of the 
residue by FC (EtOAc/heptane 1:2) yielded the title compound (651 mg, 55%). 
LC-MS: Rt = 5.47; ES+: 689.05. 

(rflc)-(J2f* 55*)-3-Acetyl-7-l4-(3-hydroxypropyl)phenyll-6-[2-(2-methoxy. 
20 phenyl)acetoxymethyl]-3^--diazabicyclo[33.1]noii-6-ene-9-carboxyUc add 
2,2^-trichloro-l,l-duiietbylethyl ester (R2) 

To a sol. of bicyclononene Q2 (1.47 g, 1.72 mmol) in CH2CI2 (25 mL), 4M 
HCl/dioxane (25 mL) was added at 0 ^^C. After 2.25 h at 0 °C the solvents were 

25 rapidly removed under reduced pressure, and the residue was immediately dried 
under high vacuum. The resulting foam was then dissolved in THF (75 mL) and 
cooled to -78 °C. DffEA (1.18 mL, 6.88 mmol) and DMAP (cat. amount) were 
added, followed by slow addition of acetyl chloride (0.098 mL, 1.38 mmol). After 
2.5 h at - 78 '^C MeOH (80 mL) was added, and the reaction mixture was allowed 

30 to warm up to rt. After dilution with EtOAc, the mixture was washed with aq. 1 
M HCl (Ix) and the org. extracts were dried over MgS04 and filtered. The 



wo 2004/105762 



53 



PCT/EP2004/00S06S 



solvents were removed under reduced pressure. Purification of the residue by FC 
(EtOAc/heptane 1 :2) yielded the title compound (651 mg, 55%). 

Compoimds of type S 

5 

(racyiJR* 5'y*)-3-Acetyl-7-{4-(3-(2-methoxybenzyloxy)propoxy]phenyl}-3^- 
diazabicyclo[3.3.1]non-6-ene-6,9-dicarboxylic acid 6-ethyl ester 9-(2^,2- 
trichloro-l,l-diinethyletfayQ ester (SI) 

10 A sol. of bicyclononene H5 (5.35 g, 6.95 njmol) in CH2CI2 (30 mL) was cooled to 
OPC. 4M HCl/dioxane (30 mL) was added. The sol. was stirred at 0 "C for 3.5 h, 
the solvents were removed under reduced pressure and the residue dried at high 
vacuum. The resulting foam was dissolved in THF (100 mL) and cooled to -78 
"C. DIPEA (5.80 mL, 34.7 mmol) was added. A sol. of acetyl chloride (0.494 

15 mL, 6.95 mmol) in THF (10 mL) was added slowly. The reacton mixture was 
stirred at -78 °C for 90 min, then allowed allowed to warm to rt and diluted in 
MeOH (5 mL), then in EtOAc. The org. extracts were washed with aq. IM HCl 
(2x), aq. sat. NaHCOs (Ix), dried ovea: MgS04, filtered and the solvents were 
removed under reduced pressure. Purification of the residue by FC 

20 (EtOAc/heptane 1 :4 -» 1 :3 ^ 1 : 1 -> EtOAc) yielded the tifle compound (3.67 g, 
74%). Rf= 0.50 (EtOAc). LC-MS: 6.22; ES+: 711.31. 

(rfl£i)-(iJ?* 55*)-3-Acetyl-7-{4-[3-(2-chlorophenoxy)propyl]phenyl}-3,9-di- 
azabicyclo[33.1]iion-6-ene-6,9-dicarboxyIic acid 6-ethyI ester 9-(2,2,2- 
25 trlchloro-l,l-diinethylethyl) ester (S2) 

As for compound SI, fi'om H6 (10.8 g, 14.5 mmol), CH2CI2 (110 mL), 4M 
HCl/dioxane (110 mL), THF (220 mL), DIPEA (12.4 mL, 72.6 mmol), DMAP 
(89 mg, 0.73 mmol), acetyl chloride (1.24 mL, 17.4 mmol), and MeOH (5 mL). 
30 Purification of the residue by FC (EtOAc/heptane 1:3 1:1 -> EtOAc) yielded 
the titie compound (8.59 g, 86%). Rf = 0.43 (EtOAc). LC-MS: 6.32; ES+: 
684.99. 
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(racyilR*, 55*)-3-Acctyl-7-(4-(2-hydroxyethyI)pheiiyl]-3,9-diazabicydo- 
[3.3.1]iion-6-ene-64>-dicarboxylic acid 6-ethyl ester 9-(2,2^-tricliloro-l,l- 
dimethylethyl) ester (S3) 

5 

As for compound SI, from H2 (3.00 g, 4.08 mmol), CH2a2 (30 mL), 4M 
HCydioxane (30 mL), THF (60 mL), DMAP (25 mg, 0.204 irnnol), DIPEA (2.74 
mL, 16.4 mmol), acetyl chloride (0.343 mL, 4.08 mmol), and MeOH (5 mL). 
Purification of the residue by FC (EtOAc/heptane 1:1^ EtOAc MeOH/EtOAc 
10 1 :9) led to the title compound (1.80 g, 79%). Rf = 0.20 (EtOAc). 

iracy-ilR*, 55*)-3-Acetyl-7-[4-(2-hydroxyethoxy)phenyI]-3,9-dia2abicyclo- 
. [3J.lliion-6-ene-6^-dicarboxyUc add 6-ethyl ester 9-(2,2,2-tridiloro-l,l- 
dimethylethyl) ester (S4) 

15 

As for compound SI, from H7 (5.80 g, 7.73 mmol), CH2a2 (60 mL), 4M 
HCl/dioxane (60 mL), THF (50 mL), DMAP (47 mg, 0.384 mmol), DIPEA (5.29 
mL, 31.7 mmol), acetyl chloride (0.604 mL, 8.08 mmol), and MeOH (5 mL). 
Purification of the residue by FC (EtOAc/heptane 1:1 -> EtOAc MeOH/EtOAc 
20 1:9) led to the title compound (3.07 g, 69%). Rf = 0.20 (EtOAc). LC-MS:Rt = 
4.80; ES+: 576.93. 

{raayilR*, 55'^3-Acetyl-7-[4-(3-hydroxypropyl)phenyll-3,9-diazabicydo- 
[3.3.11iioii-6-ene-6,9-dicarboxyUc add 6-efliyl ester 9-(2^,2-trichloro-l,l- 
25 dimethylethyl) ester (S5) 

As for compound SI, firom H3 (5.04 g, 6.74 mmol), CH2CI2 (80 mL), 4M 
HCl/dioxane (80 mL), THF (80 mL), without DMAP, DIPEA (4.62 mL, 27.0 
mmol), acetyl chloride (0.430 mL,6.06 mmol), and MeOH (5 mL). Purification 
30 of the residue by FC (EtOAc/heptane 1 : 1 EtOAc -> MeOH/EtOAc 1 :9) led to 
the title compound (3.23 g, 83%). Rf = 0.20 (EtOAc). LC-MS: R, = 1.00; ES+: 
575.13. 
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55 

Compounds of type T 

{rac.y-(lR*, 5^*)-3-AcetyI-7-{4-[3-(2-methoxyben2yloxy)propoxy]phenyl}-3,9- 
5 diazabicyclo[3.3.1]non-6-ene-6^-dicarboxy]ic acid 9-(2;i^trichloro-l,l- 
dimethylethyl) ester (Tl) 

To a sol. of bicyclononaie SI (3.67 g, 5.15 mmol) in EtOH (27 mL) was added 
aq. NaOH (IM, 27 mL, 27 mmol). The mixture was heated to 80 "C for 3 h and 
10 then allowed to cool to rt. After adjustmait of the pH to 1-2 with aq. IM HCa and 
extraction with EtOAc (2x), the combined org. extracts were dried over MgS04, 
filtered, and evaporated under reduced pressure. Purification of the residue by FC 
(EtOAc/heptane 1:1 3:1 EtOAc MeOH/EtOAc 1:9) yielded the title 
compound (1.45 g, 41%). LC-MS: Rt = 5.50; ES+: 683.24. 

15 

{racyilR*, 55*)-3-Acetyl-7-{4-[3-(2-chIorophenoxy)propyllphenyl}-3,9- 
diazabicyclo[3.3.1]iion-6-ene-6,9-dicarboxylic acid 9-(2^,2-trichloro-l,l- 
dimetbylethyl) ester (T2) 

20 From bicyclononene S2 (8.59 & 12.5 mmol) the title compound (4.29 g, 52%) was 
obtained after purification by FC (MeOH/CHzai 1 :99 1 :49 -» 3 :97 -> 1 :24) as 
described for Tl. LC-MS: R, = 5.61; ES-: 655.24. 

{rac.)-{lR*, 5.y*)-3-AcetyI-7-[4-(2-hydroxyethoxy)phenyll-3,9-diaza- 
25 bicyclo[3,3.1]non-6-ene-6,9-dicarboxylic acid 9-(2,2,2-trichIoro-l,l-dimethyl- 
ethyl) ester (T3) 

From bicyclononene S4 (3.07 g, 5.73 mmol) in EtOH (119 mL) and aq. IM NaOH 
(1 19 mL) the title compound (1.88 g, 60%) was obtained after purification by FC 
30 (MeOH/CH2Cl2 1:99 -> 1:49 -» 3:97 1:24) as described for Tl. LC-MS: Rt = 
4.32; ES+; 548.96. 
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(racHJR* 55'*)-3-Acetyl-7-{4-[3-(^feif-butyldimetliybflanylo^^^ 
phenyl}-3^*diazabicyclo[33.1]iioii-6-eiie-6,9-dicarboxylic acid 9-(2,2,2- 
trichloro-lyl-dimethylethyl) ester (T4) 

5 A mixture of bicyclononene AZl (1.60 g, 2.93 mmol), imidazol (797 mg, 11.7 
mmol) and TBDMS-Cl (1.1 & 7.30 mmol) in DMF (20 mL) was stirred at rt 
overnight. Aq. sat. NH4CI was added and the mixture was extracted with hexane 
(3x). The combined org. extracts were dried over MgS04, filtered, and the 
solvents were evaporated under reduced pressure. A mixture of this crude product 
10 and K2CO3 (0.2 g) in THF (30 ml), MeOH (10 ml), and H2O (10 ml) was stirred at 
rt for 3 h. Aq. sat. NH4CI was added and this mixture was extracted with EtjO 
(3x). The combined org. extracts were dried over MgS04, filtered, and the 
solvents were removed under reduced pressure. This yielded the title compoimd 
(1 .85 g, 95%) that was used withour further purification, 

15 

(raa)-(iU* 5iS*)-7-{4-[2-(fcrr-Butyldiphenylsilanyloxy)ethyl]phenyl}-3,9- 
diazabicycIo[3J.l]iion-6-ene-3,6,9-tricarboxylic acid 3-reif-butyl ester 9- 
(2,2,2-trichloro-l,l-dimethyIethyl) ester (TS) 

20 As for compound T4, but fi:om bicyclononene AZ2 (crude, about 5.79 mmol), 
imidazol (1.2 g, 17.6 mmol) and TBDPS-Cl (4.84 g, 17.6 mmol) in DMF (50 mL), 
then K2CO3 (0.5 g), THF (60 mL), MeOH (20 mL), and H2O (20 mL). The crude 
title compound (9.6 g, quantitative yield) was used further without purification. 
LC-MS:Rt=1.26. 

25 

Compounds of type U 

(racyilJR* 5iS'*)-3-Acetyl-7-(4-hydroxyphenyl)^6-(methylphenethylcarba- 
moyl)-3,9-diazabicycIo[3.3.1]non-6-ene-9-carboxylic acid 2,2,2-trichioro-l,l- 
30 dimethylethyl ester (Ul) 
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To a sol. of bicyclononene Wl ( 0.93 g, 1.37 mmol) in CH2CI2 (10 mL) was 
added HCl/dioxane (10 mL) at 0 ^'C. After 15 min, the ice bafli was removed. 
The reaction mixture was stirred at rt for 1 h and the solvents were removed under 
reduced pressure. After drying at high vacuum for 30 min., the resulting solid or 
5 foam was dissolved in THF (10 mL). DIPEA (0.983 mL, 5.48 mmol) and DMAP 
(cat. amount) were added. The sol. was cooled to -78 ^'C and a sol. of AcCl 
(0.0973 mL, 1.37 mmol) in THF (5 mL) was slowly added over 2 min. After 75 
min at -78 ""C MeOH (10 mL) was added and the mixture was allowed to warm 
up. After dilution in EtOAc, the reaction mixture was washed with aq. IM HCl 
10 (Ix) and aq. sat NaHCOa (Ix). The org. extracts were dried over MgS04, filtered, 
and evaporated under reduced pressure. Purification of the residue by FC 
(EtOAc/heptane 1:3 1:1 3:1 -> EtOAc MeOH/EtOAc 1:19 ^ 1:9) 
yielded the title compound (253 mg, 30%). Rf = 0.30 (EtOAc). LC-MS: Rt = 
5.12; ES+: 622.31. 

15 

{rac.yilR'', 5*S*)-3-Acetyl-7-[4-(2-hydroxyethyl)phenyl]-6-(methylphenethyl- 
carbamoyl)-3,9-diazablcyclo[3.3.1]non-6-eiie-9-GarboxyUc acid 2,2,2- 
trichloro-l,l-dimethylethyl ester (U2) 

20 To a sol. of bicyclononene W2 (3.46 g, 4.88 mmol) in CH2CI2 (35 mL) was added 
HCl (4M in dioxane, 35 mL) at 0 °C. After 1 h the ice bath was removed, and 
stirring continued for 1 h at rt. The solvents were removed under reduced 
pressure and the residue dried under high vacuum. The resulting foam was 
dissolved in THF (50 mL). DIPEA (3.34 mL, 19.5 mmol) and DMAP (cat. 

25 amount) were added. The reaction mixture was cooled to -78 °C and AcCl (0.347 
mL, 4.88 mmol) in THF (20 mL) was added dropwise. After 2 h at -78 °C, AcCl 
(0.100 mL, 1.41 mmol) was added again, followed by a third portion of AcCl 
(0.050 mL, 0.71 mmol) 1.5 h later. MeOH (10 mL) was added after 30 min. and 
the mixture was allowed to warm up to rt. After dilution with EtOAc and washing 

30 with aq. IM HCl (Ix) and aq. sat. NaHCOj (Ix), the org. extracts were dried over 
MgS04 and filtered. The solvents were removed under reduced pressure. 
Purification of the residue by FC (EtOAc/heptane 1 : 1 -> EtOAc -> MeOH/EtOAc 
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1:9) yielded the title compound as a colorless foam (2.06 g, 65%). Rf = 0.15 
(EtOAc). LC-MS: Rt = 5.14; ES+: 650.21. 

iraay(lM% 55*)-3-Acetyl-7-[4-(3-hydroxypropyl)phenyl]-6-(methyIphen- 
5 ethylcarbamoyl)-3,9-diazabicyclo[3.3.1]no]i-6-ene-9-carboxylic add 2,2,2- 
trichloro-l,l-dimethylethyl ester (U3) 

To a sol. of bicyclononene W3 (3.18 g, 4.40 mmol) in CH2CI2 (30 mL) was added 
HCl (4M in dioxane, 30 mL) at 0 °C. After 1 h at 0 °C and 1 h at rt, the solvents 

10 were removed imder reduced pressure and the residue dried under high vacuum. 
The residue was dissolved in THF (45 mL), and DIPEA (3.02 mL, 17.6 mmol) 
and DMAP (cat amount) were added. The sol. was cooled to -78 and a sol. of 
AcCl (0.313 mL, 4.40 mmol) in THF (15 mL) was added dropwise over 5 min. 
After 1.25 h, AcCl (0.070 mL^ 0.984 mmol) was added again. After 30 min. 

15 MeOH (10 mL) was added and the mixture was allowed to warm up to rt After 
dilution in EtOAc and washing with aq. IM HCl (Ix) and aq. sat NaHCOs (Ix), 
the org. extracts were dried over MgS04 and filtered. The solvents were removed 
under reduced pressure. Purification of the residue by FC (EtO Ac/heptane 1 :1 
EtOAc -> MeOH/EtOAc 1:9) yielded the title compound (2.92 g, 66%) as a foam. 

20 Rf = 0.23 (EtOAc). LC-MS: Rt = 5.24; ES+: 664.29. 

{rac.y(lR% 5i$'*)-3.Acetyl-7-[4-(2-hydroxyethoxy)phenyl]-6-(methyl- 
phenethylcarbamoyl)-3,9-diazabicyclo[3.3.11noii-6-ene-9-carboxylic acid 
2,2,2-trichloro-l,l-dimethylefliyl ester (U4) 

25 

A mixture of bicyclononene T3 (1.88 g, 3.42 mmol), methylphenethylamine (1,49 
mL, 10.3 mmol), DMAP (41 mg, 0.34 mmol), DIPEA (2.33 mL, 18.0 mmol), 

HOBt (46 mg, 0.34 mmol) and EDC-HCl (1.64 g, 8.55 mmol) in CHCI3 (40 mL) 
was stirred overnight at rt. The mixture was diluted in CH2CI2 and washed with 
30 aq. IM HCl (2x) and aq. sat. NaHCOa. The organic extracts were dried over 
MgS04, filtered, and the solvents were removed under reduced pressure. 
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Purification of the residue by FC (EtOAc/ heptane 1:4 -> 1:1 4:1 EtOAc) 
jdelded the titie compound (1.33 g, 58%). LC MS: R* = 5.25; ES+: 666.08. 

Compounds of type V 

5 

irac)-{lR*, 5^*)-7-(4-Hydroxyphenyl)-3,9-diazabicycloI33.1]non-6-ene-3,6^- 
tricarboxylic acid 3-tei^-butyl ester 9-(2^^-tricliloro-l,l-dimethylethyi) ester 
(VI) 

10 To a sol. of bicyclononene HI (4.18 g, 5.79 nunol) in EtOH (55 mL) aq. NaOH 
(IM, 55 mL, 55 mmol) was added. The mixture was stirred at 80 °C for 28 h 
before it was allowed to cool to rt and acidified to pH 1 with aq. IM HCl. After 
extraction with EtOAc (3x) tide combined org. extracts were dried over MgS04 
and filtered. The solvents were removed under reduced pressxire. Purification of 

15 the residue by FC (MeOH/CHzCU 1:49 -» 3:97 -» 1:24 -> 1:19 -> 1:9 1:4) 
yielded the titie compound (1.50 g, 40%). Rf = 0.29. LC-MS: = 4.91; ES-: 
561,12. 

{racy{lR*, 5iS^>7-[4-(2-Hydrosyethyl)phenyl]-3,9-diazabicyclo[33.1]non-6- 
20 ene-3,6,9-tricarboxylic acid 3-terr'-butyI ester 9-(2,2»2-tricliloro-l,l-dimethyl- 
etfayl) ester (V2) 

To a sol. of bicyclononene H2 (13.75 g, 18.7 mmol) in EtOH (180 mL) aq. NaOH 
(IM, 180 mL, 180 mmol) was added. The mixture was stirred at 80 °C for 8 h 

25 and then left at -5 "C overnight. The mixture was acidified to pH 1 with aq. IM 
HCl and extracted with EtOAc (3x). The org. extracts were dried over MgS04 
and filtered. The solvents were removed under reduced pressure. Purification of 
the residue by FC (MeOH/CHzCb 1:49 -> 3:47 1:24 1:19 -> 1:9 1:4) 
yielded the titie compound, contaminated wifli (rac.)-ilR*, 5jS'*)-7-[4-(2- 

30 hydroxyethyl)phenyl]-3,9-diazabicyclo[3.3.1]non-7-ene-3,6,9-tricarboxylic add 
3-tert-butyl esto: 9-(2,2,2-trichloro-l,l-dimelhyletiiyl) ester (7.09 g, 64%). Rf 
=0.40 MeOH/CH2Cl2 1:9). R« = 4.90; ES-: 589.16. 
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{racyilR* 55>7-[4-(3-Hydroxypropyl)pheiiyl]-3,9-diazabicyclo[3.3.1]iion- 
6-eiie-396,9-tricarboxylic add 3-reit-butyl ester 9-(2^,2*tricIiIoro-l,l- 
dimethylethyl) ester (V3) 

5 

To a sol. of bicyclononene H3 (13.50 g, 18.0 mmol) in EtOH (180 mL) aq. NaOH 
(IM, 180 mL, 180 mmol) was added. The mixture was heated to 40 ""C and after 
1 h to 80 ""C. After 7 h, the mixture was left overnight at -5 ""C. EtOH (100 mL) 
and aq. NaOH (IM, 50 mL, 50 mmol) were added and the sol. was heated to 80 

10 °C for 6 h. After cooling to rt and adjustment of the pH to 1 with aq. IM HCl, the 
mixture was extracted with EtOAc (3x). The combined org. extracts were dried 
over MgS04 and filtered. The solvents were removed imder reduced pressure. 
Purification of the residue by FC (MeOH/CH2Cl2 1 :49 -> 3: 97 1 :24 -4^ 1 :19 
1:9 -> 1:4) yielded the title compound (4,80 g, 55%). Rf = 0.50 (MeOH/CHaCla 

15 1 :9). LC-MS: Rt = 4.99; ES-: 603,20. 

Compounds of type W 

(raay(lR% 5iS'^-7-(4-Hydroxypheiiyl)-6-(metfaylpheiiethylcarbamoyl)-3^- 
20 diazabicycio[3 J.llnon-6-ene-3,9-dicarboxylic acid 3-^^it-butyl ester 9-(2^,2- 
trichloro-l,l-dimetfaylethyl) ester (Wl) 

To a susp. of bicyclononene VI (1.50 g, 2,66 mmol) in CHCI3 (30 mL) was added 
methylphenethylamine (0.774 mL, 5.32 mmol). DMAP (32.5 mg, 0.266 mmol), 

25 HOBt (36 mg, 0.266 mmol), and EDC HCl (765 mg, 3.99 mmol) were added 
successively. After 3 days at rt the mixture was diluted in CH2CI2 and washed 
with aq. IM HCl (Ix) and aq. sat NaHCOs (Ix). The org. extracts were dried 
over MgS04 and filtered. The solvents were removed imder reduced pressure. 
Purification of the residue by FC (EtOAc/heptane 1:9 1:4 3:7 2:3 1:1 

30 3:2 -> 7:3) yielded the title compound as a colorless solid (0.93 g, 51%). Rf = 
0.25 (EtOAc/heptane 1:1). LC-MS: Rt = 5.86; ES-: 678.14. 
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irac)'ilR*, 5.^<>>7-[4-(2-Hydroxyethyl)phenyl]-6-(methyIphenethylcarbamo- 
yl)>3,9-diazabicyclo[3 J.l]non-6-ene-3^-dicarboxy]ic add 3-terr-butyl ester 9- 
(2^;2-trichIoro-l,l-dimetiiylethyQ ester (W2) 

5 To a sol. of bicyclononene V2 (7.09 g, 11.97 nunol) in CHCI3 (140 mL) were 
added iV-methylphenethylamine (3.48 mL, 24.0 mmol), DMAP (137 mg, 1.12 
mmol), HOBt (151 mg, 1.12 mmol) and EDC HCl (3.44 g, 18.0 mmol). The 
mixture was stirred at rt for 3 days, before it was diluted with CH2CI2 and washed 
wifli aq. IM HCl (Ix) and aq. sat. NaHCOs (Ix). The org. extracts were dried 
10 over MgS04 and filtered. The solvents were removed under reduced pressure. 
Purification of the residue purified by FC ^eOH/CHaCfc 1:49 -> 3:122 4:121 
-» 1:24 -> 1:9 ^ 1:4) yielded the title compound (3.46 g, 41%). Rf = 0.26 
(MeOH/CH2Cl2 1:19). LC-MS: = 5.87; ES+: 708.40. 

1 5 (rac.)-(J2? *, 55'>7-[4-(3-Hydroxypropyl)phenyl]-6-(methylphenethylcarba- 
moyl)-3,9-diazabicyclo[3.3.1]noii-6-ene-3,9-djcarboxylic acid 3-tert-hutyl ester 
9-(2^^-trichloro-l,l-dimethylethyl) ester (W3) 

To a sol. of bicyclononene V3 (7.59 g, 12.5 mmol) in CHCI3 (150 mL) were 
20 added methylphenethylamine (3.63 mL, 25.0 mmol), DMAP (153 mg, 1.25 
mmol), HOBt (169 mg, 1.25 mmol) and EDC HCl (3.80 g, 19.2 mmol). The 
mixture was stirred at rt for 3 days before it was diluted in CH2CI2 and washed 
with aq. IM HCl (Ix) and aq. sat NaHCOa (Ix). The org, extracts were dried 
over MgS04 and filtered. The solvents were removed under reduced pressure. 
25 Purification of the residue by FC (MeOH/CH2Cl2 1 :49 -> 3 :97 ^ 1 :24 ^ 1 :9 -> 
1:4) yielded the title compound (3.18 g, 35%). Rf = 0.42 (MeOH/CH2Cl2 1:19). 
LC-MS: Rt = 5.99; ES+: 744.50. 

(racHlR* 55'*)-3-Acetyl-6-hydroxymethyl-7-{4-[3-(2-methoxybeii2yloxy)- 
30 propoxy]pheiiyl}-3^-diazabicyclo[3J.l]non-6-ene-9-carboxyIic add 2,2^- 
trichloro-l,l-dimethyletfayl ester (X) 



wo 2004/10S762 



62 



PCT/EP2004/00S06S 



To a sol. of bicyclononene SI (2.29 g, 3.21 mmol) in CH2CI2 (100 mL) was added 
BFs EtjO (0.460 mL, 3.66 mmol) at -78 "C. The mixture was stirred at -78 for 
30 min and DIBAL (IM in toluene, 6.42 mL, 6.42 mmol) was added. After 75 
min, ice was added and the mixture was allowed to warm up to rt. CH2CI2 was 
5 added and the mixture was washed with aq. IM HCl (Ix). The org. extracts were 
separated, dried over MgS04 and filtered. The solvents were removed under 
reduced pressure. Purification of the residue by FC (EtOAc/heptane 1 :2 -> 1 :1 -> 
EtOAc) yielded the title compound (1 .01 g, 47%). 

10 {racyilR*, 5S*)-3-Acetyl-6-formyl-7-{4-[3-(2-meflioxybeiizyloxy)propoxyl- 
plienyl}-3,9-diazabicyclo(3J.llnon-6-ene-9-carboxylic acid 2^,2-tricliloro- 
1,1-dimefliylethyl ester (Y) 

To a sol. of bicyclononene X (258 mg, 0.385 mmol) in CH2CI2 (5 mL) was added 
15 to 0 °C Dess-Martin periodane (170 mg, 0.401 mmol) at 0 "C. Aftar 45 min. at 0 
a second portion periodane was added. The sol. was stirred for 15 min before 
the solvents were removed under reduced pressiire. Direct purification of the 
residue by FC (EtOAc/h^tane 2:3 1:1 3:2 ^ 7:3) yielded the titie 
compound (1 88 mg, 73%). Rf = 0.49 (EtOAc). LC-MS: Rt = 6.18; ES+: 667.21. 

20 

{racYilR*, 5.S*)-3-Acetyl-7-{4-I3-(2-methoxybenzyloxy)propoxy]phenyl}-6- 
methylaminomethyl-3,9-dia2abicyclo[33.1]non-6-ene-9-carbo3qrlic acid 2^^- 
trichloro-ljl-dimethylethyl ester (Z) 

25 To a sol. of bicyclononene Y (334 mg, 0.50 mmol) in MeOH (10 mL) 
methylamine (40% in water, 0.215 mL, 2.5 mmol) was added. The mixture was 
stirred at rt for 1 h and then cooled to 0 °C. NaBH4 (20 mg, 0.50 mmol) was 
added. The mixture was stirred at rt for 4 h before K2CO3 (263 mg) was added. 
After evaporation under reduced pressure the residue was distributed between 

30 EtOAc and water. The org. extracts were separated, dried over MgS04, and 
filtered. The solvents were removed under reduced pressure. Purification of the 
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residue by RPl 8-MPLC yidded the title compound (130 mg, 38%). LC-MS: Rt = 
1.00; ES+: 682.14. 

{rac.)-(lR*, 5^*)-7-{4-[3-(2-Chlorophenoxy)propyl]pheiiyl}-3^-diazabicyclo- 
5 [3.3.1]noii-6-ene-3,6,9-tricarboxyIic acid 3-rert-butyI ester 9-(2,2^-tricWoro- 
1,1-diinethylethyl) ester (AA) 

Bicyclononene H6 (1.71 & 2.3 mmol) was dissolved in EtOH (50 mL). Aq. IM 
NaOH (50 mL) was added and the mixture was heated to 80 "C. The sol. was 

10 stilted for 5 h at 80 °C, thai allowed to cool down to rt. After acidification to pH 
= 1-2 with aq. IM HCl the mixture was extracted with EtOAc (3x). The 
combined org. extracts were dried over MgS04, filtered and tiie solvents were 
removed under reduced pressure. Purification of the residue by FC 
(EtOAc/heptane 2:3 1 :2 1 :1) yielded the title compound (504 mg, 31 %). Rr 

15 = 0.30 (EtOAc/heptane 1:1). LC-MS: Rt = 6.21; ES-: 712.34. 

{racYilR*, 55*)-7-{4-[3-(2-Chlorophenoxy)propyl]phenyl}-6-{I2-(2-chloro- 
phenyl)ethyl]methylcarbamoyl}-3,9-diazabicyclo[3.3.11non-6-ene-3,9- 
dicarboxyUc acid 3-terr-butyl ester 9-(2^^-trichloro-l,l-dimethylethyl) ester 
20 (AB) 

Bicyclononene AA (504 mg, 0.703 mmol) was dissolved in CHCI3 (25 mL). [2- 
(2-chlorophenyl)eth5i]methylamine (Jaques B.; Wallace R. G., Tetrahedron, 
1977, 33, 581; 238 mg, 1.40 mmol), DIPEA (0.240 mL, 1.40 mmol), DMAP (17 

25 mg, 0.14 mmol), HOBt (19 mg, 0.10 mmol) and EDC-HCl (135 mg, 1.40 mmol) 
were added. The sol. was stirred at rt overnight. The mixture was diluted witii 
CH2CI2 and washed with water (Ix). The org. extracts were dried over MgS04 
and the solvents were removed under reduced pressure. Purification of the residue 
by filtration throu^ silica gel yielded the titie compound as a yellowish foam 

30 (336mg,55%). 
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iracyilR*, 55'«)-7-{4-[3-(2-Clilorophenoxy)propyl]phenyl}-6-{l2-(2-cliIoro- 
phenyl)ethyllmethylcarbaiiioyl}-3,9-diazabicyclo[33.11noii-6-ene-9-carbo- 
xyiic add 2,2^tricliloro-l,l-dlinethylethyl ester hydrochloride salt (AC) 

5 Bicyclononene AB (336 mg, 0.378 mmol) was dissolved in CH2CI2 (3 mL). 4M 
HCl/dioxane (13 mL) was added and the mixture was stirred at rt for 2 h. The 
solvents were removed under reduced pressure. Drying the residue at high 
vacuum yielded the title compound as a colorless foam that was used without 
further purification. LC-MS: R« = 5.26; ES+: 765.85. 

10 

9-Methyl-7-oxo-3^-diazabicyclo[33.11nonaiie-3-carboxylic add tert-butyl 
ester (A£) 

(4-Benzyl-6-ethoxycarbonyUnethyl-l-methylpipera2in-2-yl)acetic add ethyl ester 

15 (Patent WO 92/05174) (71.0 g, 0.196 mol) was dissolved in MeOH (400 mL). 
TFA (77.8 mL, 1.02 mol) was added and tiie flask was purged wifli nitrogen. 
Pd/C (10%, 50% moisture, 3.6 g) was added. The flask was closed and purged 
with hydrogen (3x). After 1 day, the mixture was filtered through celite and 
washed with MeOH. The solvent was removed under reduced pressure and the 

20 foamy residue (92.7 g) was dried under high vacuum. A sol. of tBuOK (1 17.2 g, 
1.04 mol) in toluene (3.07 L) was heated to reflux. A sol. of the crude piperazine 
formerly obtained, dissolved in THF (300 mL), was added dropwise over 50 min. 
The black mixture was stirred for 10 further min. and allowed to cool to rt. The 
mixture was cooled to 0 °C and AcOH (36.6 mL, 0.635 mol) was added. The 

25 solvents were removed imder reduced pressure and the residue purified by FC 
(MeOH/CHzCh 1:9 1:4 -> 1:3). The fractions wifli an Revalue close to 0.10 
(MeOH/CH2Cl2 1:9) were collected and flie solvent removed under reduced 
pressure. The residue was dissolved in aq. 5M HCl (2 L) and the reaction mixture 
heated to reflux overnight. The mixture was allowed to cool to rt, then cooled to 0 

30 °C with an ice bath. The pH was brought to 12 by adding carefully solid KOH. 
This mixture was extracted with CH2CI2 (3x). The combined org. extracts were 
dried over MgS04 and the solvents were removed under reduced pressure. The 
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residue was suspended in CH2CI2 (400 mL) and cooled to 0 "C. DBPEA (19.1 mL, 
112 nunol) was added. A sol. of BocaO (24.3 g, 113 mmol) in CH2CI2 (200 mL) 
was added dropwise. The mixture was stirred for 1 h at 0 *C, then 1 h at rt. The 
mixture was washed with aq. 10% Na2C03 (2x). The org. extracts were dried 
5 over MgS04, filtered and the solvents were evaporated under reduced pressure. 
The residue was purified by FC (EtOAc/heptane 1:1 -> EtOAc). The title 
compound was obtained as a solid that could be recrystallized firom heptane (15.6 
g, 30%). R£= 0.45 (MeOH/CH2Cl2 1:9). LC-MS: Rt= 1.55; ES+: 254.16. 

10 (IR, 55)-9-Methyl-7-oxo-3,9-dia2abicydo[3.3.11nonane-3,6-dicarboiq'lic acid 
3-tert-hvtyl ester 6-metfayl ester (AF) 

To a susp. of (-)-bis[(S)-l-phenylethyl]amine hydrochloride (226 mg, 0.864 
mmol) in THF (3 mL) at 0 °C was added dropwise «-BuLi (1.6M in hexane, 1.136 

15 mL, 1 .808 mmol). The mixture was stirred for 1 h at 0 °C, then cooled to -78 °C. 
A sol. of bicydononane AE (200 mg, 0.786 mmol) in THF (2 mL) was added 
dropwise over 3 min. The reaction mixture was stirred for 3 h at -78 °C, thai 
methylcyanoformat (0.081 mL, 1.02 mmol) was added. The reaction mixture was 
stirred for 30 min. at -78 "C and a sol. of AgNOa (191 mg, 1.124 mmol) in 

20 H2O/THF (1:1, 2 mL) was added. After 10 min., H2O (1.5 mL) and AcOH (1.5 
mL) were added and the reaction mixture was allowed to warm to rt Ammoniac 
(25% in water) was added until the Ag-salt had completely dissolved. The 
reaction mixture was extracted with EtOAc (Ix) and CH2CI2 (2x). The combined 
org. extracts were dried over MgS04 and the solvents were removed under 

25 reduced pressure. Purification of the residue by FC (MeOH/CH2Cl2 1:14) yielded 
the title compound (167 mg, 68%). Rf = 0.37 (MeOH/CH2Cl2 1:9). LC-MS: R, = 
0.76; ES+: 313.10. ee = 82%. 



(JjR, 55)-9-Methyl-7-oxo-3,9-diazabicycloI3J.llnonane-3,6-dicarboxylic acid 
30 6-benzyl ester 3-tert-butyl ester (AG) 
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To a susp. of (-)-bis[(S)-l-phenylethyl]amine hydrochloride (226 mg, 0.864 
mmol) in THF (3 mL) at 0 was added diopwise n-BuLi (1.6M in hexane, 1.136 
mL, 1 .808 nunol). The mixture was stirred for 1 h at 0 "C, then cooled to -78 "C. 
A sol. of bicyclononane AE (200 mg, 0.786 iranol) in THF (2 mL) was added 

5 dropwise over 3 min. The reaction mixture was stirred for 3 h at -78 "C, then 
mefliylcyanoformat (0.081 mL, 1.02 mmol) was added. The reaction mixture was 
stirred for 30 min. at -78 **C and a sol. of AgNOa (191 mg, 1.124 mmol) in 
H2O/THF (1:1, 2 mL) was added. After 10 min., H2O (1.5 mL) and AcOH (1.5 
mL) ware added and ttie reaction mixture was allowed to warm to rt Ammoniac 

10 (25% in water) was added until the Ag-salt had compl^dy dissolved. The 
reaction mixture was extracted wifli EtOAc (Ix) and CH2CI2 (2x). The combined 
org. extracts were dried over MgS04 and the solvents were removed under 
reduced pressure. Purification of the residue by FC (MeOH/CHjCU 1 : 14) yielded 
the title compomd (150 mg, 49%). Rf = 0.50 (MeOH/CHaCk 1:9). LC-MS: Rt = 

15 0.87; ES+: 389.09. ee = 84%. 

(rac}-(lR% 5iS'*)-3-Acetyl-7-{4-[2-(2-bromo-5-fluorophenoxy)ethyl]phenyI}- 
3,9-diazabicycloI3.3.11non-6-ene-6,9-dicarboxylic acid 6-ethyl ester 9-(2^^- 
trichloro-l,l-dimethylethyl) ester (AH) 

20 

A sol. of bicyclononene S3 (900 mg, 1.60 mmol) in toluene (15 mL) was purged 
with N2 (4x). 2-Bromo-5-fluorophenol (0.267 mL, 2.4 mmol), TMAD (344 mg, 
2.00 mmol) and tributylphosphine (1.18 mL, 4.80 mmol) were added and the 
reaction mixture was heated to reflux for 1 L The mixture was allowed to cool to 
25 rt, and the solvents were removed under reduced pressure. Purification of the 
residue by FC (EtO Ac/heptane 1:24 1:9 2:3 -)• 7:3) yielded the title 
compound (1 .06 g, 90%). Rf=0.58 (EtOAc). LC-MS: Rt = 6.52; ES+: 733.00. 



Compounds of type AJ 

30 
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(racHl^** 3;y*)-3-Acetyl-7-{4-(2-(2-bromo-5-£Iuoroplienoxy)efliylJphenyl}- 
3,9-diazabicyclo[3.3.1]non-6-ene-6^-dicarboxyIic acid 9-(2^^-trichIoro-l,l- 
dimethylethyl) ester (AJl) 

5 A mixture of bicyclononene AH (1,06 g, 1.44 mmol) in EtOH (30 mL) and aq. 
IM NaOH (30 mL) was stirred efficiently at 80 °C for 2.5 h. The mixture was 
allowed to cool to rt, acidified with aq. IM HCl, and extracted with EtOAc (3x). 
The combined org, phases were dried over MgS04, filtered, and the solv^ts were 
removed nnder reduced pressure. Purification of the residue by FC 
10 (EtOAc/hq)tane 1:1 -> 3:1 -> EtOAc MeOH/EtOAc 1:19 -> 1:9) yielded the 
title compound (845 mg, 83%). Rf = 0.10 (EtOAc). LC-MS: = 5.78; ES-: 
702.81. 

(rac.)-(iJ?* 5iy*)-3-AcetyI-7-{4-l3-(2,3,6-trillnorophenoxy)propyl]phenyl}-3,9- 
15 diazabicyclo[3.3.1]iion-6-ene-6^-dicarboxylic acid 9-(2,2,2-trichloro-l,l- 
dimethylethyl) ester (AJ2) 

A sol. of bicyclononene ARl (296 mg, 0.39 mmol) in MeOH (10 mL) at 0 °C was 
purged with Na (3x). Pd/C (10%, cat amount) was added and the mixture was 
20 purged wifli Ha (4x). The mixture was stirred under Ha for 2 h at 0 °C, and was 
filtered through Celite. The solvents were removed under reduced pressure and 
the residue was dried under high vacuum (200 mg, 80%). It was used wifliout 
fiirther purification. LC-MS: Rt = 5.83. 

25 (rac)-(25* 55*)-3-Acetyl-7-{4-[3-(3-fluorophenoxy)propyllphenyl}-3,9-diaza- 
bicycIo[3J.l]non-6-ene-6^-dicarboxylic acid 9-(2,2,2-trichloro-l,l-dimethyl- 
ethyf) ester (AJ3) 

As for compound AJ2, but from AR2 (205 mg, 0.25 mmol), Pd/C (cat. amount) 
30 and MeOH (10 mL). ITie crude material (100 mg, 56%) was used without fiirther 
purification. LC-MS: Rt= 5.81. 
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(racy(lR*t 55*)-3-Acetyl-7-{4-[3-(2-bromo-5-fluorophcnoxy)propyl]phenyl}- 
34>-diazabicyclo(33.11non-6-eiie-6^-dicarboxylic acid 9-(2^^-trichloro-l,l- 
dimethylediyl) ester (AJ4) 

5 As for compound AJl, but from bicyclononene BL (1.55 g, 2.07 mmol), EtOH 
(55 mL) and aq. IM NaOH (55 mL). Purification of the residue by FC 
(EtO Ac/heptane 1:1 -> EtOAc -> MeOH/EtOAc 1:9) yielded the title compound 
(1.17 g, 78%). Rf = 0.20 (EtOAc). R, = 6.02; ES+: 721.12. 

1 0 Compounds of type AK 

{racYilR*, 55'*)-7-{4-[2-(2-Bromo-5-fluorophenoxy)ethyllphenyl}-6-(metiiyl- 
phenethyIcarbamoyi)-3,9-dlazabicyclo[33.11iioii-6-ene-3^-dicarboxylic add 
3-tei^-butyI ester 9-(2,2,2-trichloro-l,l-dimethylethyl) ester (AKl) 

15 

A sol. of bicyclononene W2 (1.68 g, 2.37 mmol) in toluene (50 mL) was purged 
with N2 (4x). 2-Bromo-5-fluorophenol (0.403 mL, 3.56 mmol), azodicarboxylic 
dipiperidide (897 mg, 3.56 mmol) and tributyl phosphine (1.62 mL, 7.12 mmol) 
were added. The mixture was heated to reflux for 2 h. The mixture was tiien 
20 allowed to cool to rt and the solvents were removed under reduced pressure. 
Purification of the residue by FC (EtOAc/heptane 1:19 1:9 -> 1:4 1:1 -» 
3:1) yielded the title compound (1 .88 g, 90%). Rf = 0.80 (EtOAc). LC-MS: Rt = 
7.30. 

25 {rac.)-(lR*, 55'^6-[(2-ChIorobenzyl)cyclopropylcarbamoyl]-7-{4-I3-(2^,6- 
tri-fIuorophenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.11non-6-ene-3,9- 
dicarbo-xylic acid 3-tert-butyl ester 9-(2^,2-trichloro-l,l-dimethylethyI) ester 
(AK2) 



30 A mixture of bicyclononene AYl (12.15 g, 16 mmol), (2-chlorobenzyl)- 
cyclopropylamine (9.08 g, 50 mmol), DIPEA (10.9 mL, 64 nunol), DMAP (488 
mg, 4 mmol), HOBt (2.43 g, 18 mmol) and EDC HCl (4.60 g, 24 mmol) in 
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CH2CI2 (250 mL) was stirred ovemigjit. He mixture was diluted with CH2CI2, 
and washed with aq. IM HCl (3x) and with aq. sat. NaHCOs (Ix). The org. 
extracts were dried over MgS04, filta«d, and the solvents were removed under 
reduced pressure. Purification of the residue by FC (EtOAc/heptane 1 :5 -> 1 :3 ->> 
5 1 :2) yielded the title compound (9.10 g, 63%). LC-MS: Rt = 7.68. 

irac)-(lR*y 55'*)-6-(BenzyIcyclopropylcarbamoyI)-7-{4-(3-(2^,6-trifluoro- 
phenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene-3^-dicarboxylic 
acid 3-tert-bntyl ester 9-(2^^trichIoro-l,l-dimeth3lethyO ester (AK3) 

10 

As for bicyclononene AK2, but fiom bicyclononene AYl (552 mg, 0.75 mmol), 
benzylcyclopropylamine (Loqppky, R. N.; et al, J. Org. CAem., 2000, 65, 96; 221 
mg, 1.50 mmol), DIPEA (0.515 mL, 3.00 mmol), DMAP (23 mg, 0.19 mmol). 
HOBt (101 mg, 0.75 mmol) and EDC-HCl (216 mg, 1.12 mmol) in CH2CI2 (7 
15 mL). Purification by FC yielded the title compound (570 mg, 88%). LC-MS: Rt 
= 1.28. 

(rac)-{lR*, 55*>6-[(2-chlorobeiizyl)ethyIcarbamoyll-7-{4-[3-(2,3,6-trifluoro- 
phenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene-3,9-dicarboxylic 
20 acid ^-tert-hntyl ester 9-(2^,2-tricliloro-l,l-dimethylethyl) ester (AK4) 

As for bicyclononaie AK2, but ftom bicyclononene AYl (552 mg, 0.75 mmol), 
(2-chlorobenzyl)ethylamine (Ishihara, Y; et al; Chem. Pharm. Bull, 1991, 39, 
3225; 255 mg, 1.50 mmol), DIPEA (0.515 mL, 3.00 mmol), DMAP (23 mg, 0.19 
25 mmol), HOBt (101 mg, 0.75 mmol) and EDC HCl (216 mg, 1.12 mmol) in 
CH2CI2 (7 mL). Purification by FC yielded the title compound (543 mg, 82%). 
LC-MS: Rt= 1.29. 

(racy-iJH*, 5iS*)-6-(Cydopropyl-(2-fluorobenzyl)carbamoyl]-7-{4-I3-(2^,6- 
30 trifluorophenoxy)propyI]phenyI}-3,9-diazabicydo[3.3.1]noii-6-en&-34)- 

dicarboxylic add 3-teit-hntyl ester 9-(2»2;S-tridaoro-l,l-dimetliyletiiyO ester 
(AK5) 
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As for bicyclononene AK2, but fix)m bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropyl-(2-fluoiobeii2yl)amine (248 mg, 1.50 mmol), DIPEA (0.515 mL, 3.00 
mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) and EDC-HQ 
5 (216 mg, 1.12 mmol) in CH2CI2 (7 mL). Purification by FC yielded the title 
compound (526 mg, 79%). LC-MS: R* = 1.28. 

(rac.y-(lR *, 55*)-6-ICyclopropyH3-tri£luoromefliylbenzyI)carbamoyl]-7-{4- 
(3-(2A6-trifluorophenoxy)propyIlphenyl}-3,9-dia2abicyclo[3.3.1]non-6-ene- 
10 3,9-dicarboxylic add 3-/erf-butyl ester 9-(2,2,2-trichloro-l,l-dimcthylethy0 
ester (AK6) 

As for bicyclononene AK2, but fix)m bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropyl-(3-trifluoromefliyl-beazyl)amine (Brabander, H. J.; et ai; J. Org. 
15 Chem., 1967, 32, 4053; 323 mg, 1.50 mmol), DIPEA (0.515 mL, 3.00 mmol), 
DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) and EDC-HCl (216 mg, 
1.12 mmol) in CH2CI2 (7 mL). Purification by FC yielded the title compound 
(551mg,79%). LC-MS: Rt= 1.25. 

20 iracy-ilR*, 55*>6-(Cyclopropyl-(2-mefhylbeiizyl)carbamoyll-7-{4-[3-(2^,6- 
trifluorophenoxy)propyl]phenyl}-3^-diazabi<^cloI3.3.1]noii-6-ene-3^- 
dicarboxyUc add 3-terr-butyl ester 9-(2,2>trichloro-l,l-dimethyIetliyl) ester 
(AK7) 

25 As for bicyclononene AK2, but &om bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropyl-(2-methylbenzyl)-amine (242 mg, 1.50 mmol), DIPEA (0.515 mL, 
3.00 mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) and 
EDC HCl (216 mg, 1.12 mmol) in CH2CI2 (7 mL). Purification by FC yielded the 
title compound (553 mg, 84%). LC-MS: Rt = 1.29. 

30 

(TOa)-(ljR*, 5.S*)-6-{Cydopropyl-I2-(4-meflioxyphenoxy)ethyI]carbamoyl}-7- 
{4-[3-(2^,6-trifluorophenoxy)propyl]phenyI}-3,9-diazabicyclo(3J.llnoii-6- 
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en&-3,9-dicarboxyUc acid 3-tert-butyl ester 9-(2,2>tiicliloro-l,l-dimethyl- 
ethyl) ester (AK8) 

As for bicyclononene AK2, but from bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropyl-[2-(4-methoxy-phenoxy)ethyl]amine (311 mg, 1.50 mmol), DIPEA 
(0.515 mL, 3.00 mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) 
and EDC-HCl (216 mg, 1 .12 mmol) in CH2CI2 (7 mL). Purification by FC yielded 
the title compound (566 mg, 82%). LC-MS: R, = 1 .28. 

iracy(lR% 5.S*)-6-{Cyclopropyl-[2-(2-meflioxypheiioxy)ethyl]carbainoyl}-7- 
{4-[3-(2,3,6-trifluorophenoxy)propyl]phenyl}-3^-diazabicycloI3.3.1]iioii-6- 
eiie-3^dicarboxylic acid S-tert-hntyl ester 9-(2^^-trichIoro-l,l-di]nethyl- 
ethyl) ester (AK9) 

As for bicyclononaie AK2, but from bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropyl-[2-(2-methoxy-phenoxy)ethyl]amine (311 mg, 1.50 mmol), DIPEA 
(0.515 mL, 3.00 mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) 
and EDC-HCl (216 mg, 1 .12 mmol) in CHzQi (7 mL). Purification by FC yielded 
the title compound (570 mg, 82%). LC-MS: Rt = 1.28. 

(faa)-(JjR*, 5.S*>-6-(Cyclopropyl-(2-i«-tolyIoxyethyI)carbamoyIl-7-{4-[3- 
(2,3,6-trifluoroplieii03g')propyllphenyl}-3,9-dia2abicyclo[3J.llnon-6-ene-3,9- 
dicarboxjdUlc add 3-^ert-butyl ester 9-(2,2,2-trichloro-l,l-dimethylettiyl) ester 
(AKIO) 

As for bicyclononene AK2, but from bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropyl-(2-m-tolyloxy-ethyl)amine (287 mg, 1.50 mmol), DIPEA (0.515 mL, 
3.00 mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) and 
EDC-HCl (216 mg, 1.12 mmol) in CH2CI2 (7 mL). Purification by FC yielded the 
title compound (506 mg, 74%). LC-MS: Rt = 1 .30. 
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irac.yiiR\y 5iy*>6-{Cydopropyl-[2-(3,4-dimethylphenoxy)eft^ 

7-{4-p-(2,3,6-triflvoropheno3Q^)propyl]pheny^ 

* * . • 

ene-3,9-dicarbox^c acid 3-tert-bvLtyl ester P-CltZ^Z-trichloro-M-dimeAyl- 
ethyl) ester (AKll) 

5 ■ • 

As for bicyclononene AK2, but from bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropyl-[2-(3,4-dimethyl-phenoxy)ethyl]amine (462 mg, 1.50 mmol), DEPEA 
(0.515 mL, 3.00 mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 aomol) 

and EDC-HCl (216 mg, 1.12 mmol) in CHiCk (7 mL). Purification by FC yielded 
10 the title compound (693 mg, 100%). LC-MS:Rt»1.28. 

(racXljR*, 55^*)-6-(CyclopropylphenefliyIcarbamoy0-7-{4-[3-(2,3,6-trlfliioro- 
phenoxy)propylJphenyI}-3,9-diazabicyclo[3.3.11non-6-ene-3^dicarboxjilic 
acid 3-tert-butyl ester 9-(2,2,2-triclUoro-l,l-dimefliyIethyl) ester (AK12) 

15 

As for bicyclononene AK2, but from bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropylphenethylamine (Smith, P. W.; et al.\ J. Med. Chem., 1998, 41, 787; 
242 mg, 1.50 mmol), DIPEA (0.515 mL, 3.00 mmol), DMAP (23 mg, 0.19 

mmol), HOBt (101 m& 0,75 mmol) and EDC Ha (216 mg, 1.12 namol) in 
20 CH2CI2 (7 mL). Purification by FC yielded the title compound (510 mg, 77%). 
LC-MS:Rt=1.28. 

(raa)~(lE*, 55^*)-6-{[2-(2-Chlorophenyl)ethyl]cycIopropylcarbamoyl}-7-{4-[3- 
(2,3,6-trifluorophenoxy)propyI]phenyI}-3,9-dlazabicyclo[3.3.11non-6-ene-3,9- 
25 dicarboxylic acid 3'tert-butyl ester 9-(2,2,2-trichloro-l,l-dimethylethyI) ester 
(AK13) 

As for bicyclononene AK2, but from bicyclononene AYl (552 mg, 0.75 mmol), 
[2-(2-chlorophCTyl)ethyl]-cyclopropylamine (294 mg, 1.50 mmol), DIPEA (0.515 
30 mL, 3.00 mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) and 
EDC HCl (216 mg, 1.12 mmol) in CH2CI2 (7 mL). Purification by FC yielded the 
title compound (540 mg, 79%). LC-MS: Rt = 1.28. 
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(i-ocHi** 55'*)-6-{Cyclopropyl-l2-(2,3-difluorophenyl)ethyl]carbamoyl}-7- 
{4-[3-(2^,6-trifluorophenoxy)propyl]phenyl}-3,9-diazabicyclo[33.1]noii-6- 
ene-3,9-dicarboxylic acid Z-tert-hntyl ester 9-(2,2,2-tricliIoro-l,l- 
5 dimethylethyl) ester (AK14) 

As for bicyclononene AK2, but firam bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropyl-[2-(2,3-difluoro-phenyl)ethyl]amine (296 mg, 1.50 mmol), DIPEA 
(0.515 mL, 3.00 mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) 

10 and EDC Ha (216 mg, 1.12 mmol) in CH2CI2 (7 mL). Purification by FC yielded 
the title compound (572 mg, 83%). LC-MS: Rt = 1.28. 

{rac)-{lR% 5iS*)-6-{Cydopropyl-[2-(4-fluorophenyI)ethyl]carbamoyI}-7-{4- 
[3-(2^,6-trifluorophenoxy)propyl]phenyl}-3,9-diazabicydo[3.3.1]noii-6-ene- 
15 3,9-dicarboxylic acid 3-terr-butyl ester 9-(2,2,2-tricIiIoro-l,l-dimetliyletliyl) 
ester (AK15) 

As for bicyclononene AK2, but from bicyclononene AYl (552 mg, 0.75 nrniol), 
cyclopropyl-[2-(4-fluon)-phenyl)ethyl]amine (269 mg, 1.50 mmol), DIPEA (0.515 
20 mL, 3.00 mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) and 

EDC-HCl (216 mg, 1.12 mmol) in CH2CI2 (7 mL). Purification by FC yielded the 
title compound (533 mg, 79%). LC-MS: Rt = 1.28. 

(raay-ilR^ 55'*)-6-{Cydopropyl-(2-^^•tolyletf^yI)carbamoyl]-7-{4-[3-(2,3,6- 
25 trifluoroplienoxy)propyl]plienyl}-3^-diazabicyclo[3.3.1]non-6-ene-3,9- 

dicarboxylic add 3-l!eif-butyI ester 9-(2,2,2-trichloro-l,l-dimethylethyI) ester 
(AK16) 

As for bicyclononene AK2, but from bicyclononene AYl (552 mg, 0.75 mmol), 
30 cyclopropyl-(2-o-tolylethyl)-amine (263 mg, 1 .50 mmol), DP EA (0.5 1 5 mL, 3.00 

mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) and EDC HCl 
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(216 mg, 1.12 mmol) in CH2CI2 (7 mL). Purification by FC yielded the title 
compound (562 mg, 84%). LC-MS: Rt = 1 .29. 

(rac)-ilR*, 55^*)-6-[Cyclopropyl-(3,5-dlmethoxyben2yl)carbamoyll-7-{4-[3- 
5 (2,3,6-trifluorophenoxy)propyllphenyl}-3,9-diazabicyclo[3.3.11non-6-ene-3^- 
dicarboxyUc acid 3-ter<-butyl ester 9-(2,2,2-trichloro-l,l-dimethylethyl) ester 
(AK17) 

As for bicyclononene AK2, but from bicyclononene AYl (552 mg, 0.75 mmol), 
10 cyclopropyl-(3,5-dimethoxy-benzyl)amine (311 mg, 1.50 mmol), DEPEA (0.515 
mL, 3.00 mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg. 0.75 mmol) and 
EDC-HCl (216 mg, 1.12 mmol) in CH2CI2 (7 mL). Purification by FC yielded the 
title compound (530 mg, 76%). LC-MS: R, = 1.28. 

15 (rac.yilR*, 55'*)-6-[Cyclopropyl-(2-jp-tolylethyI)carbamoyl]-7-{4-[3-(2A6- 
trifluorophenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.11non-6-ene-3,9- 
dicarboxyUc acid 3-terf-butyl ester 9-(2,2^-tricWoro-l,l-dimethylethyl) ester 
(AK18) 

20 As for bicyclononene AK2, but from bicyclononene AYl (552 mg, 0.75 mmol), 
cyclopropyl-(2-i?-tolylelhyl)-amine (263 mg, 1.50 nunol), DffEA (0.515 mL, 3.00 
mmol), DMAP (23 mg, 0.19 mmol), HOBt (101 mg, 0.75 mmol) and EDC HCl 
(216 mg, 1.12 mmol) in CH2a2 (7 mL). Purification by FC yielded the titie 
compound (530 mg, 79%). LC-MS: Rt = 1.30. 

25 

(rac.y(lR*, 55*)-6-{Cyclopropyl-(2-(2-hydroxyethyl)benzyIlcarbamoyl}-7-{4- 
[3-(2,3,6-tri£luorophenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene- 
3,9-dicarboxylic add 3-tert-butyl ester 9-(2,2,2-trichloro-l,l-dimethylethyl) 
ester (AK19) 

30 

As for bicyclononene AK2, but from bicyclononene AYl (1.30, 1.77 mmol), (2- 
allylbenzyl)cyclopropyl-amine (992 mg, 5.30 mmol), DIPEA (1.01 mL, 7.08 
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mmol), DMAP (54 mg, 0.44 mmol), HOBt (263 mg, 1.95 mmol) and EDC HCl 

(509 mg, 2.66 mmol) in CH2CI2 (25 mL). Purification by FC yielded the 

intermediate compound (1.49 g, 93%). LC-MS: Rt = 7.81. 

Then as for compound AT, but from the former intermediate compound (1.49 g, 
5 1.65 mmol), NM0-H20 (245 mg, 1.82 mmol), and OSO4 (2.5% in tert-BuOH, 

0.207 mL, 0.017 mmol) in THF (4 mL), /er/-BuOH (2 mL) and water (1 mL). 

Purification of the residue by FC (EtOAc/heptane 1:4 2:3 3:2 4:1 

EtOAc) yielded the 2°* intermediate compound (866 mg, 56%). Rf = 0.50 

(EtOAc). LC-MS: Rt= 6,95. 
10 Then as for compound AU, but fix)m the 2"^ intermediate compound (866 mg, 

0.922 mmol) and NaI04 (217 mg, 1.01 mmol) in THF (8 mL) and water (2 mL). 

Purification of the residue by FC (EtOAc/heptane 1:4 2:3) yielded the 3** 

intermediate compound (751 mg, 90%). Rf = 0.75 (EtOAc). 

Finally as for compound AV, but from the 3"^ intermediate compound (751 mg, 
15 0.828 mmol) and NaBH4 (35 mg, 0.9 mmol) in MeOH (10 mL). Purification of 

the residue by FC (EtOAc/heptane 2:3) yielded the title compound (599 mg, 

80%). LC-MS: Rt= 7.30. 

{racy-(lR*j 55?*)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyllphenyl}-6-K2- 
20 dilorobeiizyI)cyclopropylcarbamoyll-3,9-diazabicydo[3.3.1]iion-6-€ne-3^- 
dicarboxyUc acid 3-tert-butyl ester 9-(2^^trichIoro-l,l-dimethylethyI) ester 
(AK20) 

As for bicyclononene AK2, but from bicyclononene AY2 (7.68 g, 9.86 mmol), (2- 
25 chloroben2yl)cyclopropylamine (5.37, 29.6 mmol), DIPEA (6.75 mL, 39.4 mmol), 
DMAP (301 mg, 2.47 mmol), HOBt (1.46 mg, 10.8 mmol) and EDC-HCl (2.84 g, 
14.8 mmol) in CH2CI2 (150 mL). Purification by FC (EtOAc/heptane 1:4 -> 3:7 
^ 2:3 -> 1:1) yielded the title compound (3.7 g, 40%). Rf = 0.55 (EtOAc/heptane 
1:1). LC-MS: Rt = 7.97. 

30 
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(racy-ilR*t 5.y<)-6-0Beiizylcyclopropylcarbamoyl)-7-{4-[3-p-bromo-5-fluoro- 
pheiioxy)propyl]pheiiyl}-3,9-diazabicycloI33.11non-6-ene-3,9-dicarboxylic 
add 3-tert-butyl ester 9-(2;j^-tricWoro-l,l-dimethylethyl) ester (AK21) 

5 As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 nimol), 
benzylcyclopropylamine (Loeppky, R. N.; et al, J. Org. Chem., 2000, 65, 96; 1.27 
g, 1.50 nunol), DIPEA (0.684 mL, 4.00 mmol), DMAP (30 mg, 0.25 mmol), 
HOBt (135 mg, 1.00 mmol) and EDC HCl (287 mg, 1.50 mmol) in CH2CI2 (10 
mL). Purification by FC yielded flie title compound (520 mg, 57%). LC-MS: Rt 

10 = 7.79. 

(rac}-(lR% 55*)-7-{4-l3-(2-Bromo-5-fluorophenoxy)propyllpheiiyl}-6-l(2- 
chlorobeiizyl)ethylcarbamoyll-3,9-diazabicyclo[3.3.11iioii-6-eiie-3^-dicarbo- 
xyUc add 3-fert-butyl ester 9-(2^^-trichloro-l,l-dimethylethyl) ester (AK22) 

15 

As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 mmol), 
(2-chlorobenzyl)ethylamine (Ishihara, Y; et al; Ghent. Pharm. Bull, 1991, 39, 
3225; 254 mg, 1.50 irnnol), DIPEA (0.684 mL, 4.00 mmol), DMAP (30 mg, 0.25 
mmol), HOBt (135 mg, 1.00 mmol) and EDC HCl (287 mg, 1.50 mmol) in 
20 CH2CI2 (10 mL). Purification by FC yielded the title compound (475 mg, 51%). 
LC-MS: Rt = 7.82. 

. (racYilR*, 5iS*)-7-{4-I3-(2-Bromo-S-fluorophenoxy)propyl]phenyl}-6- 
(cyclopropyl-(2-fluorobenzyl)carbamoyI]-3,9-diazabicyclo[33.11iion-6-eiie- 
25 3,9-dicarboxyUc acid 3-tert-batyl ester 9-(2,2,2-trichIoro-l,l-dimethyletIiyl) 
ester (AK23) 

As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 mmol), 
cyclopropyl-(2-fluorobenzyl)amine (247 mg, 1.50 mmol), DIPEA (0.684 mL, 4.00 
30 mmol), DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) and EDC HCl 
(287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded the title 
compound (465 mg, 50%). LC-MS: Rt = 7.69. 
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iracy-ilR*t 55'*)-7-{4-[3-(2-Bromo-S-nuorophcnoxy)propyl]phenyl}-6-[cydo- 
propyl-(3-trifluoromethylbenzyl)carbamoyll-3^-dia2abicyclo[3.3.11noii-6- 
ene-3^-dicarboxylic acid 3-tert-butyl ester 9-(2,2,2-trichloro-l,l-dimethyl- 
S ethyl) ester (AK24) 

As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 mmol), 
cyclopropyl-(3-trifluoromethylbenzyl)ainine (Brabander, H. J.; et al.; J. Org. 
Chem., 1967, 32, 4053; 323 mg, 1.50 mmol), DIPEA- (0.684 mL, 4.00 mmol), 
10 DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) and EDC-HQ (287 mg, 
1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded the title compound 
(345 mg, 35%). LC-MS: R« = 7.76. 

(racyilR*, 55'*)-7-{4-l3-(2-Bromo-5-fluorophenoxy)propyllphenyl}-6- 
15 [cyclopropyl-(2-methyIbenzyl)carbamoyl]-3,9-diazabicyclo[3.3.1]iion-6-ene- 
3,9-dicarboxylic acid 3-tert-butyl ester 9-(2,2,2-trichloro-l,l-dunethylethyl) 
ester (AK2S) 

As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 mmol), 
20 cyclopropyl-(2-methylbenzyl)amine (242 mg, 1.50 mmol), DIPEA (0.684 mL, 
4.00 mmol), DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) and 
EDC-HCl (287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
the title compound (722 mg, 78%). LC-MS: R« = 7.77. 

25 {racYilR *, 55*)-7-{4-[3-(2-Bromo-5-nuorophenoxy)propyllphenyl}-6-{cyclo- 
propyl-[2-(4-methoxyphenoxy)ethyllcarbamoyl}-3,9-diazabicyclo[3.3.11non- 
6-ene-3,9-dicarboxyUc acid 3-tert-butyl ester 9-(2,2,2-trichloro-l,l-dimethyl- 
ethyi) ester (AK26) 

30 As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1 .00 mmol), 
cyclopropyl-(4-metfioxyphenoxymethyl)amine (311 mg, 1.50 mmol), DffEA 
(0.684 mL, 4.00 mmol), DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) 
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and EDC HCl (287 mg, 1.50 mmol) in CH2a2 (10 mL). Purification by FC 
yielded the title compound (579 mg, 60%). LC-MS: Rt = 7.64. 

{rac.)-{lR*, 55'*>7-{4-[3-(2-Bromo-5-fluorophenoxy)propyllphenyl}-6-(cyclo- 
5 propyl-(2-ffi-tolyloxyethyl)carbamoyl]-3,9-diazabicyclo(3.3.1]non-6-ene-3^- 
dicarboxylic acid 3-tert-butyl ester 9-(2,2^-trichloro-l,l-dimethylethyl) ester 
(AK27) 

As for bicyclononene AK2, but jftom bicyclononene AY2 (779 mg, 1.00 mmol), 
10 cyclopropyl-m-tolyloxymethylamine (311 mg, 1.50 mmol), DIPEA (0.684 mL, 
4.00 mmol), DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) and 
EDC HCl (287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
the title compound (340 mg, 36%). LC-MS: R* = 7.83. 

15 (r<iG)-(iJJ*, 55*)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-{cyclo- 
propyl-[2-(3,4-dimethylphenoxy)ethyl]carbamoyl}-3,9-diazabicyclo[3.3.11- 
non-6-ene-3,9-dicarboxylic acid 3-tert-butyl ester 9-(2,2,2-trichloro-l,l- 
dimeHiylethyO ester (AK28) 

20 As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 mmol), 
cyclopropyl-(3,4-dimethylphenoxymethyl)amine (308 mg, 1.50 mmol), DIPEA 
(0.684 mL, 4.00 mmol), DMAP (30 mg, 0.25 mmol), HOBt (135. mg, 1.00 mmol) 
and EDC HCl (287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC 
yielded the title compound (470 mg, 49%). LC-MS: R, = 7.93. 

25 

(i'flc)-(JJ?*, 5iS*)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-(cyclo- 
propyiphenethylcarbamoyi)-3,9-dia2abicyclo[3.3.1]non-6-ene-3,9-dicarbo- 
xyBc acid 3-tert-butyl ester 9-(2^,2-trichIoro-l,l-dimethyletliyl) ester (AK29) 

30 As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 mmol), 
cyclopropyl-phenethylamine (Smith, P. W.; et al\ J. Med. Chem., 1998, 41, IST, 
242 mg, 1.50 mmol), DIPEA (0.684 mL, 4.00 mmol), DMAP (30 mg, 0.25 
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mmol), HOBt (135 mg, 1.00 mmol) and EDC HCl (287 mg, 1.50 mmol) in 
CH2CI2 (10 mL). Purification by FC yielded the title compound (449 mg, 49%). 
LC-MS:Rt = 7.72. 

5 (racy-ilR *, 55'*)-7-{4-[3-(2-Bromo-5-nuorophenoxy)propyl]phenyl}-6-{[2-(2- 
cliIorophenyl)eaiyl]cyclopropylcarbamoyl}-3,9-diazabicyclo[3J.l]non-6-ene- 
3,9-dicarboxylic acid 3-tert-butyl ester 9-(2,2^-trichloro-l,l-dimethylethyl) 
ester (AK30) 

10 As for bicyclononme AK2, but Jfrom biqrclononene AY2 (779 mg, 1.00 mmol), 
[2-(2-chloro-phaiyi)ethyl]cyclopropylamine (294 mg, 1.50 mmol), DIPEA (0.684 
mL, 4.00 mmol), DMA? (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) and 

EDC HCl (287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
the title compound (605 mg, 63%). LC-MS: R« = 7.89. 

15 

irac.)-(lR*, 55'*)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyl]phenyI}-6-{cyclo- 
propyl-[2-(2,3-difluorophenyl)ethyl]carbamoyl}-3,9-diazabicyclo[3.3.1]non-6- 
ene-3,9-dicarboxylic add 3-tert-bntyl ester 9-(2,2;Z-tricliloro-l,l-dimethyl- 
etfayl) ester (AK31) 

20 

As for bicyclononene AK2, but firom bicyclononene AY2 (779 mg, 1.00 mmol), 
cyclopropyl-[2-(2,3-difluorophenyl)ethyl]amine (296 mg, 1.50 mmol), DIPEA 
(0.684 mL, 4.00 mmol), DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) 

and EDC HCl (287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC 
25 yielded the title compound (670 mg, 70%). LC-MS: Rt = 7.70. 

{rac)-{lR\ J5*)-7-{4-(3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-{cyclo- 
propyl-[2-(4-fluorophenyl)ethyl]carbamoyl}-3^-diazabicyclo[3.3.1]non-6- 
ene-3,9-dicarboxylic acid 3-reit-butyl ester 9-(2,2,2-trichloro-l,l-dimethyl- 
30 ethyl) ester (AK32) 
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As for bicydononene AK2, but from bicyclononene AY2 (779 mg, 1.00 mmol), 
cyclopropyl-[2-(4-fluorophenyl)ethyl]ainme (269 mg, 1.50 mmol), DIPEA (0.684 
mL, 4.00 mmol), DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) and 
EDC'HCl (287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
5 the title compound (638 mg, 68%). LC-MS: R* = 7.70. 

(rac)-ilR*t 5.S'*>7-{4-(3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-[cyclo- 
propyl-(2-o-tolyIethyl)carbamoyll-3^-diazabicyclo[3.3.11iion-6-ene-3,9- 
dicarboxyUc add 3-tert-butyl ester 9-(2,2^-trichloro-l,l-dime1iiyIefliyI) ester 
10 (AK33) 

As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 mmol), 
cyclopropyl-(2-o-tolylethyl)amine (263 mg, 1.50 mmol), DIPEA (0.684 mL, 4.00 
mmol), DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) and EDC-HCl 
15 (287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded the titie 
compound (659 mg, 70%). LC-MS: Rt = 7.58. 

1:1 Mixture of irac}-iiJ^*i 55*)-7-{4-[3-(2-bromo-5-fluorophenoxy)propyi]- 
phenyl}-6-[((21?>2-hydroxy-2-phenylethy]^methylcarbamoyll-34>-diaza- 
20 bicyclo[3.3.1]non-6-ene-3,9-dicarboxyUc add 3-teif-butyl ester 9-(2,2^- 
tridiloro-l,l-dimetliylethyl) ester and (rflc:>(2i?*, 5.S*)-7-{4-[3-(2-bromo-5- 
fluorophenoxy)propyllphenyl}-6-I((2,S*)-2-hydroxy-2-phenylethyl)methyl- 
carbamoyl]-3,9-diazabiq'clo[3.3.11non-6-ene-3,9-dicarboxylic add 3-tert- 
butyl ester 9-(2,2,2-tricbloro-l,l-dimethyiethyl) ester (AK34) 

25 

As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 nunol), 
(rac.)-2-methylamino-l-phenylethanol (310 mg, 1.50 mmol), DIPEA (0.684 mL, 
4.00 mmol), DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) and 
EDC HCl (287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
30 the tifle compounds (456 mg, 50%). LC-MS: Rt = 7.42. 
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(racyilR *, 5.S*)-7-{4-l3-(2-Bromo-5-fluoropheiioxy)propyllphenyl}-6- 
[cyclopropyH3,5-dimethoxybeiiayl)carbamoyll-3,9-diazabicyclo(3J 
ene-34>-dicarboxyKc add 3-teit-butyl ester 9-(2^>trichloro-l,l-dimethyl- 
ethyl) ester (AK35) 

As for bicyclononene AK2, but jfrom bicyclononene AY2 (779 mg, LOO mmol), 
cyclopropyl-(3,5-dimethoxybeiiayl)ainme (311 mg, 1.50 mmol), DIPEA (0.684 
mL, 4.00 tmnol), DMAP (30 mg, 0.25 imnol), HOBt (135 mg, 1.00 mmol) and 
EDC-HCl (287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
the title compoxmd (736 mg, 76%). LC-MS: Rt = 7.73. 

(racy-ilR*, 55^*)-7-{4-l3-(2-Bromo-5-fluoropheiioxy)propyllphenyI}-6-[cyclo- 
propyl-(2-/;-tolylethyl)carbamoyl]-3,9-diazabiQ'do[3.3.1Jnon-6-eiie-3,9-dicar- 
boxyUc add 3-teit-butyl ester 9-(2,2,2-trichloro-l,l-dimethylethyl) ester 
(AK36) 

As for bicyclononene AK2, but from bicyclononene AY2 (779 mg, 1.00 mmol), 
cyclopropyl-(2-;?-tolylethyl)amine (263 mg, 1.50 mmol), DDPEA (0.684 mL, 4.00 
mmol), DMAP (30 mg, 0.25 mmol), HOBt (135 mg, 1.00 mmol) and EDC HCl 
(287 mg, 1.50 mmol) in CH2CI2 (10 mL). Purification by FC yielded the title 
compound (71 8 mg, 77%). LC-MS: Rt = 7.73. 

(raayilR * 55'*)-6-[(2-AnylbeiizyI)cydopropylcarbamoyl]-7-{4-[3-(2-bromo- 
5-fluorophenoxy)propyI]phenyl}-3,9-diazabicydo(3J.llnon-6-ene-3^- 
dicarbo-xyUc acid 3-teJt-butyl ester 9-(2,2^-trichloro-l,l-dimethylethyl) ester 
(AK37) 

As for bicyclononene AK2, but from bicyclononene AY2 (1.45, 2.00 mmol), (2- 
allylbenzyl)cyclopropylamine (1.12 g, 6.00 mmol), DIPEA (1.37 mL, 8.00 mmol), 
DMAP (62 mg, 0.50 mmol), HOBt (298 mg, 2.20 mmol) and EDC HCl (576 mg, 
3.00 mmol) in CH2CI2 (20 mL). Purification by FC yielded the intermediate 
compound (1.77 g, 93%). LC-MS: R, = 7.95. 
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Then as for compound AT, but from the former intermediate compound (1.77 g, 
1.86 mmol), NMO HjO (516 mg, 3.82 mmol), and OSO4 (2.5% in te/t-BuOH, 
0.276 mL, 0.023 mmol) in TEIF (40 mL), tert-BnOH (20 mL) and water (10 mL). 
Purification of the residue by FC (EtOAc/heptane 1:4 2:3 3:2 -» 4:1 
5 EtOAc) yielded the 2"'' intermediate compound (548 mg, 27%). Rf = 0.60 
(EtOAc). LC-MS:Rt = 7.43; ES+: 980.18. 

Then as for conrpoimd AU, but from the 2"** intermediate compound (928 mg, 
0.945 mmol) and NaI04 (222 mg, 1.04 mmol) in THF (8 mL) and water (2 mL). 
Purification of the residue by FC (EtOAc/heptane 1:4 2:3) yielded the 3"* 
10 intermediate compound (868 mg, 97%). Rf= 0.80 (EtOAc). 

Finally as for compound AV, but fix)m the 3** intemiediate compound (868 mg, 
0.914 mmol) and NaBHt (38 m& 1.0 mmol) in MeOH (10 mL). Purification of 
the residue by FC (EtOAc/heptane 2:3) yielded the title compound (603 mg, 
69%). LC-MS:Rt = 7.44. 

15 

(rac.}-(lR*, 5.S*)-6-((2-Chlorbenzyl)cyclopropylcarbamoyl]-7-{4-(2-(2A5- 
trunethylphenoxy)ethyl]phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene-3,9-dicar- 
boxylic acid S-tert-hutyl ester 9-(2^^trichloro-l,l-dimetfaylethyl) ester 
(AK38) 

20 

As for bicyclononene AK2, but from bicyclononene AYS (411 mg, 0.58 mmol), 
(2-chlorobenzyl)-cyclopropylamine (211 mg, 1.16 mmol), DIPEA (0.397 mL, 
2.32 mmol), DMAP (18 mg, 0.15 mmol), HOBt (86 mg, 0.64 mmol) and 

EDC-HCl (167 mg, 0.87 mmol) in CH2CI2 (8 mL). Purification by FC yielded the 
25 title compound (312 mg, 62%). LC-MS: R, = 7.66. 

irac.y(lR\ 55'*)-6-(Benzylcyclopropylcarbamoyl)-7-{4-[2-(2,3,5-trunethyl- 
phenoxy)ethyl]phenyI}-3,9-diazablcyclo[3.3.1]non-6-ene'3,9-dicarboxyIic acid 
^-tert-hniyl ester 9-(2,2,2-trichloro-l,l-dimethyletiiyl) ester (AK39) 

30 

As for bicyclononene AK2, but from bicyclononene AYS (41 1 mg, 0.58 mmol), 
brai2yl-cyclopropylamine (Loeppky, R. N.; et ai, J. Org. Chem., 2000, 65, 96; 
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171 mg, 1.16 mmol), DIPEA (0.397 mL, 2.32 mmol), DMAP (18 mg, 0.15 
mmol), HOBt (86 mg,.0.64 mmol) and EDC HCl (167 mg, 0.87 mmol) in CH2CI2 
(8 mL). Purification by FC yidded the title compound (340 mg, 70%). LC-MS: 
R« = 8.12. 

5 

irac.)-i2R* 5^*)-6-[(2-CWorobenzyl)ethylcarbamoyl]-7-{4-(2-(2,3^ 
trimethyl-phenoxy)ethyl]phenyl}-3,9-diazabicyclo[33.1]nion-6-ene-3^- 
dicarboxylic acid 3-teif-butyl ester 9-(2^^-tricIiloro-l,l-diinetfaylef]iyl) ester 
(AK40) 

10 

As for bicyclononene AK2, but &om bicyclononene AY3 (411 mg, 0.58 mmol), 
(2-chloroben2yl)-ethylamine (tshihara, Y; et al,; Chem. Pharm. Bull, 1991, 39, 
3225; 197 mg, 1.16 mmol), DIPEA (0.397 mL, 2.32 mmol), DMAP (18 mg, 0.15 
mmol), HOBt (86 mg, 0.64 mmol) and EDC HCl (167 mg, 0.87 mmol) in CH2CI2 
15 (SmL). Purification by FC yielded the title compound (374 mg, 74%). LC-MS: 
R, = 8.30. 

(racyQR*, 5^*)-6-[Cyclopropyl.(2-flaorobeii2yl)carbamoyll-7-{4-[2-(2^^ 
tri-metfaylphenoxy)ethyl]phenyl}-3,9-diazabicyclo(33.1]iioii-6-ene- 
20 3,9dicarboxy-lic acid 3-<;er^butyI ester 9-(2^;2-tricIiloro-l,l-diinethyletliyl) 
ester (AK41) 

As for bicyclononene AK2, but from bicyclononene AY3 (411 mg, 0.58 mmol), 
cyclopropyl-(2-fluorobenzyl)amine (192 mg, 1.16 mmol), DIPEA (0.397 mL, 2.32 
25 mmol), DMAP (18 mg, 0.15 mmol), HOBt (86 mg, 0.64 mmol) and EDC HCl 
(167 mg, 0.87 mmol) in CH2CI2 (8 mL). Purification by FC yielded the title 
compound (350 mg, 70%). LC-MS: Rt = 8.13. 

irac)-(lH% 5>S'*)-6-{Cyclopropyl-(3-trifluoromefliyIbenzyl)carbamoyl]-7-{4- 
30 [2-(2,3,5-trimethylphenoxy)ethyl]phenyl}-3^diazabicyclo[3.3.1]iion-6-ene- 
3,9-dicarboxylic acid 3-/er^butyl ester 9-(2,2;2-trichIoro-l,l-dimetfayletibiyl) 
ester (AK42) 
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As for bicydononene AK2, but fiom bicyclononene AY3 (411 mg, 0.58 mmol), 
cyclopropyl-(3-trifluoromefliylbenzyl)amine (Brabander, H. J.; et al; J. Org. 
Chem., 1967, 32, 4053; 250 mg, 1.16 mmol), DIPEA (0.397 mL, 2.32 mmol), 

5 DMAP (18 mg, 0.15 mmol), HOBt (86 mg, 0.64 imnol) and EDC HCI (167 mg, 
0.87 mmol) in CH2CI2 (8 mL). Purification by FC yielded the title compound 
(294 mg, 56%). LC-MS: = 8.16. 

(rac.)-(JJ?* 55*>6-[Cyclopropyl-(2-methyIbeiizy])carbamoyl]-7-{4-[2-(2^^ 
1 0 tri]nethylphenoxy)ediyl]p]ienyl}-3^-diazabi<yclo[3.3.1]noii-6-ene-3,9-dicar- 
boxylic acid 3-ferr-butyl ester 9-(2^;^■tr^chIoro-l,l-dimethylealyl) ester 
(AK43) 

As for bicyclononene AK2, but jfrom bicyclononene AY3 (41 1 mg, 0.58 mmol), 
15 cyclopropyl-(2-meth5dbenzyl)amine (187 mg, 1.16 mmol), DIPEA (0.397 mL, 
2.32 mmol), DMAP (18 mg, 0.15 mmol), HOBt (86 mg, 0.64 mmol) and 

EDC HCI (167 mg, 0.87 mmol) in CH2CI2 (8 mL). Purification by FC yielded the 
title compound (294 mg, 56%). LC-MS: Rt = 8.15. 

20 (racyiJIt*y 55''^-6-{Cyclopropyl-[2-(4-met]ioxyphenoxy)efliyl]carbamoyl}-7- 
{4-[2-(2,3^-trimethylpheiioxy)ethyl]phenyl}-3,9-diazabicyclo[3J.l]noii-6- 
eiie-3,9-dicarboxylic acid 3-terr-butyl ester 9-(2,2,2-tricIiioro-l,l-dimethyl- 
ethyl) ester (AK44) 

25 As for bicyclononene AK2, but from bicyclononene AY3 (411 mg, 0.58 mmol), 
cyclopropyl-[2-(4-methoxyphenoxy)ethyl]amine (187 rag, 1.16 mmol), DIPEA 
(0.397 mL, 2.32 mmol), DMAP (18 mg. 0.15 mmol), HOBt (86 mg, 0.64 mmol) 

and EDC-HCl (167 mg, 0.87 mmol) in CH2CI2 (8 mL). Purification by FC yielded 
the tide compound (159 mg, 30%). LC-MS: R, = 7.93. 

30 

(rac.)-{lR*, 55<*)-6-{Cyclopropyl-[2-(3-metlioxypheiioxy)ediyl]carbamoyI}-7- 
{4-[2-(2,3,5-trimethylphenoxy)ethyIlphenyl}-3^-diazabicyclo[3.3.1]]ion-6- 
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ene-3,9-dicarboxylic acid 3-tert-hutyl ester 9-(2^^-tricIiloro-l,l-dimetiiyl- 
efliyl) ester (AK45) 

As for bicyclononene AK2, but from bicyclononene AY3 (411 mg, 0.58 mmol), 
5 cyclopropyl-[2-(3-inethoxyphenoxy)ethyl]amine (287 mg, 1.16 mmol), DIPEA 
(0.397 mL, 2.32 mmol), DMAP (18 mg, 0.15 mmol), HOBt (86 mg, 0.64 mmol) 
and EDC-HCl (167 mg, 0.87 mmol) in CH2CI2 (8 mL). Purification by FC yielded 
the titte compound (237 mg, 45%). LC-MS: R« = 7.69. 

10 iracyiJR*, 5,S*)-6-[CycIopropyl-(2-iit-tolyloxyethyI)carbamoyll-7-{4-[2- 
(2^^-trimefliylphenoxy)ethyl]phenyI}-3,9-diazabicyclo[33.11non-6-ene-3^- 
dicar-boxylic acid 3-terf-butyl ester 9-(2,2^-trichloro-l,l-dimethylethyl) ester 
(AK46) 

15 As for bicyclononene AK2, but from bicyclononene AY3 (411 mg, 0.58 mmol), 
cyclopropyl-(2-m-tolyloxyethyl)amine (222 mg, 1.16 mmol), DIPEA (0.397 mL, 
2.32 mmol), DMAP (18 mg, 0.15 mmol), HOBt (86 mg, 0.64 mmol) and 
EDC HCl (167 mg, 0.87 mmol) in CH2CI2 (8 mL). Purification by FC yielded the 
title compound (185 mg, 36%). LC-MS: Rt = 8.12. 

20 

irac.y(lR*y 55*)-6-(Cydopropylpheiiethylcarbamoyl)-7-{4-[2-(2,3,6- 
triinetliyi-phenoxy)ethyI]phcnyl}-34)-dia2abicyclo[3.3.1]non-6-ene-3^- 
dicarboxyUc acid 3-tert-butyl ester 9-(2,2,2-trichloro-l,l-dlmethylethyl) ester 
(AK47) 

25 

As for bicyclononene AK2, but from bicyclononene AY3 (590 mg, 0.83 mmol), 
cyclopropyl-phenethylamine (Snuth, P. W.; et al; J. Med. Chem., 1998, 41, 787; 
402 mg, 2.49 mmol), DIPEA (0.568 mL, 3.32 mmol), DMAP (25 mg, 0.21 
mmol), HOBt (169 mg, 1.25 mmol) and EDC HCl (239 mg, 1.25 mmol) in 
30 CH2a2 (1 0 mL). Purification by FC yielded the title compound (309 mg, 44%). 
LC-MS: Rt= 8.01. 
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(raay-ilM* 55''»)-6-{[2-(2-CUorophenyI)ethyl]cyclopropylcarbamoyl}-7-{4-[2- 
(2^>trimethyIphenoxy)etfayl)phenyl}-3^-diazabicyclo[33.1]noii-6-ene-34)- 
dicarboxyUc acid S-ferC-butyl ester 9-(2^^tricIiloro-l,l-dimetfayIethyl) ester 
(AK48) 

5 

As for bicyclononene AK2, but from bicyclononeDe AYS (590 mg, 0.83 mmol), 
[2-(2-chloro-phenyl)ethyl]cyclopropylaniine (487 mg, 2.49 mmol), DIPEA (0.568 
mL, 3.32 mmol), DMAP (25 mg, 0.21 mmol), HOBt (169 mg, 1.25 mmol) and 
EDC HCl (239 mg, 1.25 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
10 the title compound (272 mg, 37%). LC-MS: Rt = 8.20. 

(racy-(lR\ 5i9«)-6-{Cyclopropyl-[2-(2,3-difluorophenyl)ethyI]carbamoyl}-7> 
{4-[2-(2^,(Htrimethylphenoxy)ethyl]phenyl}-3^diazabicydo[3.3.1]non-6- 
ene-3,9-dicarboxylic acid 3-l^rr-butyl ester 9-<2,2^-trichloro-l,l- 
1 5 dimethylethyi) ester (AK49) 

As for bicyclononene AK2, but from bicyclononene AYS (590 mg, 0.83 mmol), 
cyclopropyl-[2-(2,3-difluorophenyl)ethyl]amine (491 mg, 2.49 mmol), DIPEA 
(0.568 mL, 3.32 mmol), DMAP (25 mg, 0.21 mmol), HOBt (169 mg, 1.25 mmol) 
20 and EDC HCl (239 mg, 1.25 mmol) in CH2CI2 (10 mL). Purification by FC 
yielded the title compound (309 mg, 42%). LC-MS: Rt = 7.98. 

(roc.>(J^* 5.S*)-6-{Cydopropyl-[2-(4-fluorophcnyi)ethyl]carbamoyl}-7-{4- 
[2-(2^,6-trimethyIplienoxy)et]iyl]plienyl}-3,9-diazabicyclo[3.3.1]non-6-ene- 
25 3^-dicarboxylic acid 3-tei^-butyl ester 9-(2,2>tridiIoro-l,l-dimethylethyl) 
ester (AK50) 

As for bicyclononene AK2, but from bicyclononene AY3 (590 mg, 0.83 mmol), 
cyclopropyl-[2-(4-fluorophenyl)ethyl]amine (491 mg, 2.49 mmol), DIPEA (0.568 
30 . mL, 3.32 mmol), DMAP (25 mg, 0.21 mmol), HOBt (169 mg, 1.25 mmol) and 

EDC-HQ (239 mg, 1.25 mmol) in CH2CI2 (10 mL), Purification by FC yielded 
the title compound (294 mg, 41%). LC-MS: Rt = 7.93. 
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{racyilR*, SS*)-6-[Cyciopropyl-(2-o-tolylethyl)carbamoyll-7-{4-[2-(2^,6- 
trimethylphenoxy)ethyl]phenyl}-34>-diazabicyclo[3.3.1]non-6-ene-34Micar- 
boxyUc acid 3-^err-butyl ester 9-(2,2,2-trichIoro-l,l-dimethylethyl) ester 
5 (AKSl) 

As for bicyclononene AK2, but firom bicyclononene AY3 (590 mg, 0.83 mmol), 
cyclopropyl-(2-o-tolylethyl)amine (491 mg, 2.49 mmol), DIPEA (0.568 mL, 3.32 
mmol), DMAP (25 mg, 0.21 mmol), HOBt (169 mg, 1.25 mmol) and EDC HCl 
10 (239 mg, 1.25 mmol) in CUaCk (10 mL). Purification by FC yielded the title 
compound (258 mg, 36%). LC-MS: Rt= 8.16. 

l:l-Mixtare of {racyiR*, 5.$«)-6-K(2ii«)-2-bydroxy-2-phenylethyI)methyI- 
carbamoyl]-7-{4-[2-(2^,6-trimethylplienoxy)ethyl]pbenyI}-3,9-diazabicyclo- 
1 5 [33.1]non-6-ene-3,9-dicarboxylic acid 3^«it-butyl ester 9-(2,2,2-trichIoro-l,l- 
dimethyletfayl) ester and irac.)-{lR*, 5iS*)-6-[((25*)-2-hydroxy-2- 
phenylethyl)methylcarbamoylI-7-{4-[2-(2,3,6-trimethyIphenoxy)ethyI)- 
pIienyl}-3,9-diazabicycIo[3.3.1]non-6-ene-3,9-dicarboxylic add 3-ter^butyl 
ester 9-(2^,2-trichIoro-l,l-dimethyIethyl) ester (AK52) 

20 

As for bicyclononene AK2, but from bicyclononene AY3 (590 mg, 0.83 mmol), 
(rflfc.)-2-meaiylamino-l-phenyleflianol (377 mg, 2.49 mmol), DffEA (0.568 mL, 
3.32 mmol), DMAP (25 mg, 0.21 mmol), HOBt (169 mg, 1.25 mmol) and 
EDC HCl (239 mg, 1.25 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
25 the title compounds (1 17 mg, 17%). LC-MS: Rt = 7.50. 

{racyilR*, 5.S*)-6-ICycIopropyl-(3,5-dimethoxybenzyJl)carbamoyl]-7-{4-(2- 
(2,3,6-trimediyIphenoxy)ethyl]phenyI}-3,9-diazabicyclo[3.3.1]non-6-ene-3,9- 
dicarboxylic acid 3-tei^-butyl ester 9-(2^,2-trichloro-l,l-dimethyletfayI) ester 
30 (AK53) 
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As for bicyclononeae AK2, but from bicyclononaie AY3 (590 mg, 0.83 mmol), 
cyclopropyl-(3,5-dimeflioxybenzyl)amine (516 mg, 2.49 mmol), DIPEA (0.568 
mL, 3.32 nraiol), DMAP (25 mg, 0.21 mmol), HOBt (169 mg, 1.25 mmol) and 
EDC-HCl (239 mg, 1.25 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
5 the title compound (258 mg, 35%). LC-MS: R, = 7.80. 

(ra&H^H*, 55*)-6-[Cydopropyl-(2-i7-tolylethyl)carbamoyl]-7-{4-[2-(2^,6- 
trimefliylphenoxy)ethyllplieiiyl}-34>-diazabicyclo[33.1]iioii-6-ene-3,9- 
dicarboxyUc acid 3-rert-butyl ester 9-(2,2;2-tricliloro-l,l-dimethylethyl) ester 
10 (AK54) 

As for bicyclononene AK2, but from bicyclononene AY3 (590 mg, 0.83 mmol), 
cyclopropyl-(2-p-tolylethyl)amine (426 mg, 2.49 mmol), DIPEA (0.568 mL, 3.32 
mmol), DMAP (25 mg, 0.21 mmol), HOBt (169 mg, 1.25 mmol) and EDC-HCl 
15 (239 mg, 1.25 mmol) in CH2CI2 (10 mL). Purification by FC yielded the title 
compound (235 mg, 32%). LC-MS: Rt = 8.16. 

(ra&)-(iJ?*, 55*)-<>-{Cyclopropyl-l2-(2-hydroxyethyl)beiizyl]carbamoyl}-7-{4- 
I2-(2A^trimetliylphenoxy)ethyllphenyl}-3,9-diazabicyclo[3.3.11non-6-ene- 
20 3,9-dicarboxyUc acid 3-terr-butyl ester 9-(2,2,2-trichIoro-l,l-dimethyletliyl) 
ester (AK55) 

As for bicyclononaie AK2, but &om bicyclononene AY3 (1.18 g, 1.66 mmol), 

(2-allylben2yl)cyclopropylamine (932 mg, 4.98 mmol), DIPEA (1.14 mL, 6.64 
25 mmol), DMAP (51 mg, 0.42 mmol), HOBt (338 mg, 2.50 mmol) and EDC-HCl 

(478 mg, 2.50 mmol) in CH2CI2 (20 mL). Purification by FC yielded the 

intemiediate compound (613 mg, 42%). LC-MS: Rt =8.16. 

Then as for compound AT, but from the fomier intemiediate compound (613 mg, 

0.697 mmol), NMO H2O (141 mg, 1.05 mmol), and OSO4 (2.5% in tert-BuOH, 
30 0.175 mL, 0.014 mmol) in THF (8 mL), ter/-BuOH (4 mL) and water (2 mL). 

Purification of the residue by FC (EtOAc/heptane 1:1 EtOAc) yielded the 2"^ 
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intennediate compound (348 mg, 55%). Rf = 0.05 (EtOAc/heptane 1:1). LC-MS: 
Rt = 7.31. 

Then as for compound AU, but from the 2"^ intennediate compound (348 mg, 
0.381 mmol) and NaI04 (122 mg, 0.571 mmol) in THF (6 mL) and water (2 mL). 
5 Drying the residue under high vacuum yielded the 3"^ intennediate compound 
(269 mg, 80%) that was used without further purification. LC-MS: Rt = 7.29. 
Finally as for compound AV, but firom die 3"* intennediate compound (269 mg, 
0.305 mmol) and NaBILj (13 mg, 0.34 mmol) in MeOH (5 mL). Purification of 
the residue by FC (EtOAc/heptane 1:4 -> 2:3 3:2 -> 4:1) yielded the title 
10 compound (210 mg, 78%). LC-MS: Rt = 7.55. 

(racyilR* 55''^6-K2-CUoroben2yl)cyclopropylcarbamoyl]-7-{4-I2-(2- 
cUoro-4,5Hli]neai)iphenoxy)etho]Qr]p]ienyl}-3^-diazabicydo[33.1]noii-6- 
«De-3,9-dicarboxyUc acid 3-tert-hntyl ester 9-(2,2^trichloro-l,l- 
15 dimethylethyl) ester (AK56) 

As for bicyclononene AK2, but fi-om bicyclononene AY4 (596 mg, 0.80 mmol), 
(2-chlorobenzyl)-cyclopropylamine (290 mg, 1.60 mmol), DIPEA (0.548 mL, 3.2 
mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and EDC HCl 
20 (307 mg, 1.55 mmol) in CH2CI2 (5 mL). Purification by FC yielded the title 
compound (451 mg, 74%). LC-MS: Rt = 1.30. 

(racy(lR\ 55'*)-6-[(2-Chlorobenzyl)ethylcarbamoyl]-7-{4-I2-(2-chloro-4,5- 
djmethylphenoxy)eflioxy]phenyl}-3,9-diazablcyclo[3.3.1]non-6-ene-3,9-dicar- 
25 bozylic add "i-iert-hvAyi ester 9-(2^^-trichloro-l,l-dimethylethyI) ester 
(AK57) 

As for bicyclononene AK2, but fi-om bicyclononene AY4 (596 mg, 0.80 mmol), 
(2-chlorobenzyl)-ethylamine (Ishihara, Y; et al; Chem. Pharm. Bull, 1991, 39, 
30 3225; 290 mg, 1.60 mmol), DIPEA (0.548 mL, 3.2 mmol), DMAP (25 mg, 0.21 
mmol), HOBt (135 mg, 1.00 nmiol) and EDC-HCl (307 mg, 1.55 mmol) in 
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CH2a2 (5 mL). Purification by FC yielded the titte compoitnd (596 mg, 83%). 
LC-MS:Rt=»1.30. 

{racyilR *, 5.S*)-7-{4-I2-(2-Chloro-4,5-diinethyIphenoxy)ethoxy]phenyl}-6- 
5 [cyclopropyl-(2-fluorobeiizyl)carbamoyll-3,9-diazabicyclo[33.1]noii-6-ene- 
3^-dicarboxyUc acid 3-teit-butyl ester 9-(2,2,2-trichloro-l,l-dimethylethyl) 
ester (AK58) 

As for bicyclononene AK2, but firom bicydononene AY4 (596 mg, 0.80 mmol), 
10 cyclopropyl-(2-fluorobenzyl)aimne (264 mg, 1.60 mmol), DIPEA (0.548 mL, 3.2 
mmol), DMAP (25 mg, 0.21 imnol), HOBt (135 mg, 1.00 mmol) and EDC HCl 
(307 mg, 1.55 mmol) in CUzCk (5 mL). Purification by FC yielded the title 
compound (519 mg, 73%). LC-MS: Rt = 1 .29. 

1 5 irac.yilR *, 55'*)-7-{4-[2-(2-Chloro-4,5-dimethylpheiioxy)ethoxy]phenyl}-6- 
(cycIopropyl-(3-trifluoromethylbenzyl)carbamoyll-3,9-diazabicyclo[3.3.1]- 
non-6-ene-3,9-dicarboxyUc acid 3-tert-butyl ester 9-(2,2^-trichloro-l,l- 
dimethylethyl) ester (AK59) 

20 As for bicyclononene AK2, but ftom bicyclononene AY4 (596 mg, 0.80 mmol), 
cyclopropyl-(3-trifluoromethylbenzyl)amine (Brabander, H. J.; et al.; J. Org. 
Chem., 1967, 32, 4053; 344 mg, 1.60 mmol), DIPEA (0.548 mL, 3.2 mmol), 
DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and EDC-HCl (307 mg, 
1.55 mmol) in CH2CI2 (5 mL). Purification by FC yielded the title compound 

25 (584 mg, 78%). LC-MS: Rt = 1 .30. 

{rac)-{lR*, 55*)-7-{4-I2-(2-Chloro-4,S-dimethylphenoxy)ethoxy]phenyl}-6- 
[cyclopropyl-(2-methylbenzyl)carbamoyll-3,9-diazabicyclo[3.3.11non-6-ene- 
3,9-dicarboxyUc acid 3-tert-butyl ester 9-(2^>trichloro-l,l-dimethylethyl) 
30 ester (AK60) 
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As for bicyclononene AK2, but fix)m bicyclononene AY4 (596 mg, 0.80 nimol), 
cyclopropyl-(2-mefli3dbeDZ34)ainine (258 mg, 1.60 mmol), DIPEA (0.548 mL, 3.2 
mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and EDC-HQ 
(307 mg, 1.55 mmol) in CH2CI2 (5 mL). Purification by FC yielded the title 
5 compound (569 mg, 48%). LC-MS: R, = 1 .30. 

iracWR*y 55*)-7-{4-I2-(2-Chloro-4,5-dimethylplienoxy)ethoxy]phenyl}-6- 
{(grclopropyI-l2-(4-metiioxyphenoxy)ethyl]carbamoyl}-3^-diazabicyclo- 
[3.3.11noii-6-ene-3,9-dicarboxyKc acid 3-terf-butyl ester 9-(2A2-trichloro-l,l- 
10 dimetbyletfayO ester (AK61) 

As for bicyclononene AK2, but &om bicyclononene AY4 (596 mg, 0.80 mmol), 
cyclopropyl-[2-(4-methoxyphenoxy)etiiyl]amine (332 mg, 1.60 mmol), DIPEA 
(0.548 mL, 3.2 mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) 
1 5 and EDC-HCl (307 mg, 1 .55 mmol)-in CHzQa (5 mL). Purification by FC yielded 
the tide compound (591 mg, 79%). LC-MS: Rt = 1.28, 

(racHlR*, 55*)-7-{4-[2-(2-Chloro-4,5-dimethylphenoxy)ethoxy]phenyl}-6- 
{cycIopropyl-I2-(3-metihioxypheii03iy)ethyllcarbamoyl}-3^-diazabiQ'clo- 
20 [3.3.11non-6-ene-3,9-dicarboxyUc acid 3-tert-butyl ester 9-(2^;8-tricliloro-l,l- 
dimethylethyl) ester (AK62) 

As for bicyclononene AK2, but fix)m bicyclononene AY4 (596 mg, 0.80 mmol), 
cyclopropyl-[2-(3-methoxyphenoxy)ethyl]amine (332 mg, 1.60 mmol), DIPEA 
25 (0.548 mL, 3.2 mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) 
and EDC HCl (307 mg, 1 .55 mmol) in CH2CI2 (5 mL). Purification by FC yielded 
the tide compound (584 mg, 77%). LC-MS: R< = 1.28. 

irac}-ilR*y 55*)-7-{4-[2-(2-Chloro-4,5-dimethylpheiioxy)ethoxylphenyl}-6- 
30 [cydopropyl-(2-iii-tolyloxyethyl)carbamoyll-3,9-diazabicydo[3.3.11non-6-ene- 
3,9-dicarboxyUc add 3-fert-butyl ester 9-(2,2,2-trichloro-l,l-dimethylethyl) 
ester (AK63) 
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As for bicyclononene AK2, but from bicyclononene AY4 (596 mg, 0.80 mmol), 
cyclopropyl-(2-;7-tolyloxyethyl)amine (306 mg, 1.60 imnol), DIPEA (0.548 mL, 
3.2 mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and 
5 EDC HCl (307 mg, 1 .55 mmol) in CH2CI2 (5 mL). Purification by FC yielded the 
titte compound (525 mg, 71%). LC-MS: Rt = 1.30. 

{racy-ilR*, 55*)-7-{4-[2-(2-CIiloro-4,5-dimethylphenoxy)ethoxylphenyl}-6- 
(cyclopropylphenethylcarbamoy0-3^-diazabicyclol3.3.1Jnon-6-ene-3,9- 
10 dicarboxyUc acid 3-tertAmtyl ester 9-(2,2^-trichloro-l,l-dimethylethyi) ester 
(AK64) 

As for bicyclononene AIQ, but from bicyclononene AY4 (596 mg, 0.80 mmol), 
cyclopropyl-phenethylamine (Smith, P. W.; et air, J. Med. Chem., 1998, 41, 787; 
15 258 mg, 1.60 mmol), DIPEA (0.548 mL, 3.2 mmol), DMAP (25 mg, 0.21 nmiol), 
HOBt (135 mg, 1.00 mmol) and EDC HCl (307 mg, 1.55 mmol) in CH2CI2 (5 
mL). Purification by FC yielded the title compound (360 mg, 50%). LC-MS: Rt 
= 1.30. 

20 (i'fla)-(Jil*, 55'*>7-{4-I2-(2-CWoro-4,5-dimethylphenoxy)ethoxylphenyl}-6- 
{[2-(2-chloropheuy0ethyI]cydopropylcarbamoyI}-3,9-diazabicyclo[3.3.11noii- 
6-ene-3,9-dicarboxyUc add 3-tert-butyl ester 9-(2^,^trichlo^o-l,l-dimethyl- 
ethyl) ester (AK65) 

25 As for bicyclononene AK2, but from bicyclononene AY4 (596 mg, 0.80 mmol), 
[2-(2-chloro-phenyl)ethyl]cyclopropylamine (313 mg, 1.60 nmiol), DIPEA (0.548 
mL, 3.2 mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and 
EDC-HCl (307 mg, 1 .55 mmol) in CH2CI2 (5 mL). Purification by FC yielded the 
title compound (572 mg, 76%). LC-MS: Rt = 1.30. 

30 

iracy(lR\ 55*>7-{4-(2-(2-ailoro-4,5-dimethylphenoxy)ethoxylphciiyl}-6- 
{cydopropyl-(2-(23-difluorophenyl)cthyllcarbamoyl}-3,9-diazabicyclo[3.3.1]- 
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noii-6-eiie-3,9-dicarboxyUc acid 3-lBrr-butyl ester 9-(2,2,2-tricWoro-l,l- 
dimethyletliyl) ester (AK66) 

As for bicyclononene AK2, but from bicyclononene AY4 (596 mg, 0.80 mmol), 
5 cyclopropyl-[2-(2,3-difluorophenyl)ethyl]aiiiine (316 mg, 1.60 mmol), DIPEA 
(0.548 mL, 3.2 mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) 
and EDC-HCl (307 mg, 1 .55 mmol) in CH2CI2 (5 mL). Purification by FC yielded 
the title compound (584 mg, 79%). LC-MS: Rt = 1 .29. 

10 iracyilR*, 55*)-7-{4-[2-(2-Chloro-4^dimethylphenoxy)ethoxylpheiiyl}-6- 
{cyclopropyl-[2-(4-fluoropheiiyl)ethyllcarbamoyl}-3^-diazabicydo(3J.llnoii- 
6-ene-3,9-dicarboxyUc add 3-tert-butyl ester 9-(2A2-t>'icWo>*o-l,l-dimethyl- 
ethyO ester (AK67) 

15 As for bicyclononene AK2, but from bicyclononene AY4 (596 m& 0.80 mmol), 
cyclopropyl-[2-(4-fluorophenyl)ethyl]amine (287 mg, 1.60 mmol), DIPEA (0.548 
mL, 3.2 mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and 
EDC-HCl (307 mg, 1 .55 mmol) in CH2CI2 (5 mL). Purification by FC yidded the 
title compound (616 mg, 84%). LC-MS: Rt = 1.28. 

20 

{racyilR*, 5.S*)-7-{4-[2-(2-Chloro-4,5-dimethyIpheiioxy)ethoxy]phenyl}-6- 
[cydopropyl-(2-o-tolylethyl)carbamoyll-3^-diazabicydo[3J.l]non-6-ene-3^- 
dicarboxyUc add 3-/crr-butyl ester 9-(2,2,2-tridiloro-l,l-dimetliylethyl) ester 
(AK68) 

25 

As for bicyclononene AK2, but firom bicyclononene AY4 (596 mg, 0.80 mmol), 
cyclopropyl-(2-o-tolylethyl)amine (280 mg, 1.60 mmol), DIPEA (0.548 mL, 3.2 
mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and EDC HCl 
(307 mg, 1.55 mmol) in CH2CI2 (5 mL). Purification by FC yielded the title 
30 compound (556 mg, 76%). LC-MS: Rt = 1 .28. 
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l:l-Afixture of {racyilR*, 5.^«)-7-{4-[2-(2-chloro-4,5-dimethylphenoxy)- 
ethoxy]phenyl}-6-[((2j;'^-2-hydroxy-2-phenylethyl)methylcarbamoyl]-3,9- 
diazabicycIo[3J.l]noii-(S-ene-3^-dicarboxyIic add 3-tert-huty\ ester 9-(2;2^- 
trichloro-M-dimethyletliyl) ester and {rac)-{lR\ 55*>7-{4-[2-(2-chloro-4^ 
5 dimethylphenoxy)ethoxy]phenyl}-6-[((25'*)-2-hydroxy-2-phen)1ethyl)inetfayl- 
carbainoyl]-3,9-diazabicyclo[3.3.1]iioii-6-ene-3,9-dicarboxylic acid 3-tert- 
butyl ester 9-(2,2>trichloro-l,l-dimethylethyl) ester (AK69) 

As for bicyclononene AK2, but firom bicyclononene AY4 (596 mg, 0.80 mmol), 
10 (rflc.)-2-methylamino-l-phenLyleflianol (242 mg, 1.60 mmol), DffEA (0.548 mL, 
3.2 mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and 
EDC HQ (307 mg, 1.55 mmol) in CH2a2 (5 mL). Purification by FC yielded the 
title compoimds (380 mg, 54%). LC-MS: Rt = 1.23. 

15 {rac)-(lR*, 55'*)-7-{4-[2-(2-Chloro-4,S-dimethylphenoxy)ethoxyIphenyl}-6- 
[cydopropyl-(3,5-dimetboxybenzyl)carbamoyI]-3,9-diazabicyclo[3.3.1]non-6- 
ene-3,9-dicarboxylic add 3-teit-butyl ester 9-(2,2^-trichIoro-l,l-dimethyl- 
ethyl) ester (AK70) 

20 As for bicyclononene AK2, but firom bicyclononene AY4 (596 mg, 0.80 mmol), 
cyclopn)pyl-(3,5-dimethoxybenzyl)amine (332 mg, 1.60 mmol), DDPEA (0.548 
mL, 3.2 mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and 

EDC HCl (307 mg, 1.55 mmol) in CHiCaz (5 mL). Purification by FC yielded the 
title compound (619 mg, 83%). LC-MS: R, = 1.28. 

25 

{rac)-{lR *, 55'*)-7-{4-[2-(2-Chioro-4,5-dimethylplienoxy)ethoxy]phenyl}-6- 
(cydopropyl-(2-/>-tolylethyl)carbamoyll-3,9-diazabicydo[3.3.1]non-6-ene-3,9- 
dicarboxylic acid 3-teft-butyl ester 9-(2;2,2-trichloro-l,l-dimetfayletfayl) ester 
(AK71) 

30 

As for bicyclononene AK2, but fix>m bicyclononene AY4 (596 mg, 0.80 mmol), 
cycIopropyl-(2-;»-tolylethyI)amine (280 mg, 1.60 mmol), DffEA (0.548 mL, 3.2 
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mmol), DMAP (25 mg, 0.21 mmol), HOBt (135 mg, 1.00 mmol) and EDC HCl 
(307 mg, 1.55 mmol) in CH2CI2 (5 mL). Purification by FC yielded the titie 
compound (619 mg, 83%). LC-MS: R* = 1.28. 

5 (racyilR *, 55*)-7-{4-[2-(2-ChIoro-4^dimethylphenoxy)etiioxylphenyl}-6- 
{cyclopropyl-[2-(2-hydroxyethyl)ben2yl]carbamoyl}-3,9-diazabicycIo[3.3.1]- 
non-6-eiie-3^-dicarboxyUc acid 3-tert-butyl ester 9-(2;8^-trichloro-l,l- 
dimethyl-ethyl) ester (AK72) 

10 As for bicyclononene AKZ, but from bicyclononene AYS (1.00 g, 1.34 mmol), 
(2-allylbenzyl)cyclopropylamine (752 mg, 4.02 mmol), DIPEA (0.918 mL, 5.26 
nmiol), DMAP (41 mg, 0.34 mmol), HOBt (199 mg, 1.47 mmol) and EDC-HCl 
(385 mg, 2.01 mmol) in CH2CI2 (15 mL). Purification by FC yielded the 
intennediate compound (845 mg, 69%). Rf= 0.45 (EtOAc/heptane 1:1). LC-MS: 

15 Rt = 7.85. 

Then as for compound AT, but from the former intermediate compound (845 mg, 
0.926 mmol), NMQ-H20 (150 mg, 1.11 nmniol), and OSO4 (2.5% in terZ-BuOH, 
0.173 mL, 0.014 mmol) in THF (8 mL), tert-BnOH (4 mL) and water (2 mL). 
Purification of the residue by FC (EtOAc/heptane 1:1 -> EtOAc -» MeOH/EtOAc 
20 1:9) yielded the 2"** intermediate compound (616 mg, 70%). Rf = 0.05 
(EtOAc/heptane 1:1). LC-MS: Rt = 7.04. 

Then as for compound AU, but fix)m the 2"* intermediate compound (616 mg, 
0.649 mmol) and NaI04 (208 mg, 0.973 mmol) in THF (6 mL) and water (2 mL). 
Drying the residue under high vacuum yielded the 3*^ intermediate compound 
25 (477 mg, 80%) that was used without further purification. LC-MS: Rt = 7.43 . 

Finally as for compound AV, but from the 3"* intermediate compound (477 mg, 
0.520 mmol) and NaBH4 (22 mg, 0.57 mmol) in MeOH (5 mL). Purification of 
the residue by FC (EtOAc/heptane 1:4 2:3 ^ 3:2 4:1) yielded the titie 
compound (210 mg, 78%). Rf= 0.10 (EtOAc/heptane 1 :1). LC-MS: Rt = 7.26. 

30 
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{raayilR *, 5J*)-7-{4-[2-(4-Bromophenoxy)etiiozy]phenyl}-6-[(2-chloro- 
beiizyI)cycIopropylcarbamoyl]-3^-diazabicyclo[3.3.1]iion-6-ene-3,9-dicarbo- 
xylic add 3-l'err-butyl ester 9-(2,2^tricliIoro-l,l-dimethylethyI) ester (AK73) 

5 As for bicyclononene AK2, but from bicyclononene AYS (534 mg, 0.7 mmol), (2- 
cWorobenzyl)-cyclopropylaimne (200 mg, 1.10 mmol), DIPEA (0.479 mL, 2.8 
mmol), DMAP (21 mg, 0.18 mmol), HOBt (113 mg, 0.84 mmol) and EDC HCI 
(211 mg, 1.1 mmol) in CH2CI2 (7 mL). Purification by FC yidded the title 
compound (263 mg, 39%). LC-MS: Rt= 1.28. 

10 

{rac)r(lR *, 55*)-6-(Be]izylcydopropylcarbamoyl)-7-{4-[2-(4-bromophenoxy)- 
etfaoxy]phenyl}-3,9-diazabicydo[3.3.1]iio]i-6-ene-3,9-dicarboxyIic add "i-tert- 
butyl ester 9-(2^,2-trichloro-l,l-dimethyIethyl) ester (AK74) 

15 As for bicyclononene AK2, but from bicyclononene AYS (534 mg, 0.7 mmol), 
benzylcyclopropyl-amine (Loeppky, R. N.; et al, J. Org. Chem., 2000, 65, 96; 
162 mg, 1.10 mmol), DIPEA (0.479 mL, 2.8 mmol), DMAP (21 mg, 0.18 mmol), 
HOBt (1 13 mg, 0.84 mmol) and EDC HCI (21 1 mg, 1.1 mmol) in CH2CI2 (7 mL). 
Purification by FC yielded the title compound (263 mg, 39%). LC-MS: = 1 .26. 

20 

iracy(lR*y 5jf*)-7-{4-[2-(4-Bromophenoxy)ethoxy]phenyl}-6-[(2-chloro- 
beiizy0ethylcarbamoyl]-3,9-diazabicyclo[3.3.1]non-6-ene-34>-dicarboxylic 
add 3-tert-hntyl ester 9-(2,2>trichloro-l,l-dimethyletliyl) ester (AK75) 

25 As for bicyclononene AK2, but from bicyclononene AYS (534 mg, 0.7 mmol), (2- 
chlorobenzyl)-ethylamine (Ishihara, Y; et al.; Chem. Pharm. Bull, 1991, 39, 
3225; 187 mg, 1.10 mmol), DIPEA (0.479 mL, 2.8 mmol), DMAP (21 mg, 0.18 
mmol), HOBt (113 mg, 0.84 mmol) and EDC HCI (21 1 mg, 1.1 mmol) in CH2CI2 
(7 mL). Purification by FC yielded the title compound (204 mg, 32%). LC-MS: 

30 Rt=1.28. 
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(rac.)-(ijR*, 55'^-7-{4-[2-(4-Bromopheiioxy)ethoxy]phenyl}-(»-[cyclopropyl-(2- 
fluorobeiizyl)carbamoyl]-3^-diazabi(^clo[3.3.1]non-6-ene-3,9-dicarboxylic 
acid 3-feft-butyl ester 9-(2,2>tricliloro-l,l-dimethylethy]) ester (AK76) 

5 As for bicyclononene AK2, but from bicyclononene AYS (534 mg, 0.7 mmol), 
cyclopropyl-(2-fluorobenzyl)amme (182 mg, 1.10 nunol), DIPEA (0.479 niL, 2.8 
nunol), DMAP (21 mg, 0.18 mmol), HOBt (113 mg, 0.84 mmol) and EDC HCl 
(211 mg, 1.1 mmol) in CH2CI2 (7 mL). Purification by FC yielded the title 
compound (233 mg, 37%). LC-MS: Rt = 1.27. 

10 

(rac.)-ilR% 5.$*)-7-{4-[2-(4-Bromophenoxy)eflioxy]phenyl}-6-[cydopropyI-(3- 
trifluoromethylbenzyl)carbamoyl]-3,9-diazabicyclo[3.3.1]no]i-6-ene-3^- 
dicarboxylic acid 3-teft-batyI ester 9-(2^,2-trichloro-l,l-dimethyiethyI) ester 
(AK77) 

15 

As for bicyclononene AK2, but from bicyclononene AYS (534 mg, 0.7 mmol), 
cyclopropyl-(3-trifluoromethylbenzyl)amine (Brabander, H. J.; et al; J. Org. 
Chem., 1967, 32, 4053; 237 mg, 1.10 mmol), DIPEA (0.479 mL, 2.8 mmol), 

DMAP (21 mg, 0.18 mmol), HOBt (113 mg, 0.84 mmol) and EDC HQ (211 mg, 
20 1.1 mmol) in CH2CI2 (7 mL). Purification by FC yielded ttie title compound (276 
mg,41%). LC-MS: R,= 1.27. 

{racy\lR\ 5iS'*)-7-{4-[2-(4-Bromophenoxy)ethoxy]phenyI}-6-[cyclopropyl-<2- 
methyIbeiizyQcarbamoyl]-34>-diazabicyclo[3.3.1]non-6-ene-34^-dicarboxylic 
25 acid 3-ter^butyl ester 9-(2,2^-trichloro-l,l-dimethylethyl) ester (AK78) 

As for bicyclononene AK2, but from bicyclononene AYS (534 mg, 0.7 mmol), 
cyclopropyl-(2-methylbenzyl)amine (178 mg, 1.10 mmol), DIPEA (0.479 mL, 2.8 
mmol), DMAP (21 mg, 0.18 mmol), HOBt (113 mg, 0.84 mmol) and EDC HCl 
30 (211 mg, 1.1 mmol) in CH2CI2 (7 mL). Purification by FC yielded the title 
conqjound (171 m& 27%). LC-MS: Rt= 1.26. 
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(rac.)-(liJ*,55*>7-{4-I2-(4-Bromophenoxy)ethoxylphenyl}-6-{cyclopropyl-I2- 
(4-mettioxyphMioxy)ethyl]carbamoyl}-3,9-dia2abicyclo(3.3.1]non-6-ene-3^- 
dicarboxyUc add 3-teit-butyl ester 9-(2,2>trichIoro-l,l-dimethylefliyl) ester 
(AK79) 

5 

As for bicyclononene AK2, but from bicyclononene AYS (534 mg, 0.7 mmol), 
cyclopropyl-[2-(4-me1iioxyphenoxy)etiiyl]amine (228 mg, 1.10 mmol), DIPEA 
(0.479 mL, 2.8 mmol), DMAP (21 mg, 0.18 mmol), HOBt (113 mg, 0.84 mmol) 
and EDC HCl (211 mg, 1.1 mmol) in CH2CI2 (7 mL). Purification by FC yielded 
10 the title compound (190 mg, 29%). LC-MS: Rt= 1.26. 

(rflc.)-(JJ?*,5iS'*)-7-{4-I2-(4-Bromophenoxy)ethoxy]phenyl}-6-{cyclopropyl-I2- 
(3,4-dimethylphenoxy)ethyllcarbamo3d}-3,9-diazabicycloI33.11non-6-ene-3^- 
dicarboxyUc acid 3-tert-butyl ester 9-(2;8^trichloro-l,l-dimethyIethyl) ester 
15 (AK80) 

As for bicyclononene AK2, but from bicyclononene AYS (700 mg, 0.918 mmol), 
cyclopropyl-[2-(3,4-dimethylphenoxy)ethyl]amine (565 mg, 2.75 mmol), DIPEA 
(0.628 mL, 3.67 mmol), DMAP (28 mg, 0.23 mmol), HOBt (136 mg, 1.01 mmol) 
20 and EDC HCl (264 mg, 1.38 mmol) in CH2CI2 (10 mL). Purification by FC 
yielded the title compound (199 mg, 23%). LC-MS: Rt = 7.76. 

{rac)-{lR *, 55*)-7-{4-(2-(4-Broinophenoxy)ethoxylphenyl}-6-{I2-(2-chloro- 
phenyl)ethyllcydopropylcarbamoyl}-3^-diazabicycloI33.11non-6-eiie-3^- 
25 dicarboxyUc add 3-fert-butyl ester 9-(2^,2-tricliloro-l,l-dimethylethyl) ester 
(AK81) 

As for bicyclononene AK2, but from bicyclononene AYS (700 mg, 0.918 mmol), 
[2-(2-chloro-phenyl)ethyl]cyclopropylamine (538 mg, 2.75 mmol), DIPEA (0.628 
30 mL, 3.67 mmol), DMAP (28 mg, 0.23 mmol), HOBt (136 mg, 1.01 mmol) and 
EDC HQ (264 mg, 1.38 mmol) in CH2a2 (10 mL). Purification by FC yielded 
the title compound (256 mg, 30%). LC-MS: Rt = 7.70. 
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(ra&)-(ijR* 55'^7-{4-[2-(4-Broniophenoxy)ethoxy]phenyl}-6-{cyclopropyl-(2- 
(2,3-difIuoropheny0ediyl]carbamoyI}-3,9-diazabicyclo[3J.l]noii-6-ene-3,9- 
dicarboxylic add 3-fei^-butyI ester 9-(2^,2-trichloro-l,l-dimethylethyl) ester 
5 (AK82) 

As for bicyclononene AK2, but from bicyclononene AYS (700 mg, 0.918 mmol), 
cyclopropyl-[2-(2,3-difluorophenyl)ethyl]amine (542 mg, 2,75 mmol), DIPEA 
(0.628 mL, 3.67 mmol), DMAP (28 mg, 0.23 mmol), HOBt (136 mg, 1.01 mmol) 
10 and EDC-HCl (264 mg, 1.38 mmol) in CH2CI2 (10 mL). Purification by FC 
yielded the title compound (245 mg, 28%). LC-MS: Rt = 7.55. 

(rac,>-(iJt%55*)-7-{4-[2-(4-Bromophenoxy)ethoxy]phen3i}-6-{cycIopropyl-[2- 
(4-fluorophenyl)etfayl]carbamoyl}-3»9-diazabicydo[3j.l]non-6-ene-3,9-dicar- 
15 box:^c acid 3-feif-butyl ester 9-(2,2,2-tricliloro-l,l-dimethyIethyI) ester 
(AK83) 

As for bicyclononene AK2, but from bicyclononene AYS (700 mg, 0.918 mmol), 
cyclopropyl-[2-(4-fluorophenyl)ethyl]amine (493 mg, 2.75 nmiol), DIPEA (0.628 
20 mL, 3.67 mmol), DMAP (28 mg, 0.23 mmol), HOBt (136 mg, 1.01 mmol) and 

EDC HCl (264 mg, 1.38 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
the title compound (220 mg, 26%). LC-MS: Rt = 7.51. 

(racy(lR*y 55^7-{4-[2-(4-Bromophenoxy)etiioxy]phenyl}-6-[cyclopropy]-(2- 
25 o-tolylethyl)carbamoyl]-3^-diazabicyclo[33.1]non-6-ene-3^-dicarboxyIic 
add 3-Urt-hutyl ester 9-(2^,2-trichIoro-l,l-dunethylethyl) ester (AK84) 

As for bicyclononene AK2, but from bicyclononene AYS (700 mg, 0.918 mmol), 
cyclopropyl-(2-o-tolylethyl)amine (482 mg, 2.75 mmol), DIPEA (0.628 mL, 3.67 
30 mmol), DMAP (28 mg, 0.23 mmol), HOBt (136 mg, 1.01 mmol) and EDC HCl 
(264 mg, 1.38 mmol) in CH2CI2 (10 mL). Purification by FC yielded the title 
compound (252 mg, 30%). LC-MS: Rt = 7.66. 
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(rac)-(l^*> 5S'*)-7-{4-I2-(4-Bromopheiioxy)ethoxylpheiiyl}-6-Icyclopropyl- 
(3,5-dimethoxybeiizyl)carbamoyIl-3,9-diazabicydo[33.1]non-6-ene-3,9- 
dicarboxy-Uc acid 3-tert-butyl ester 9-(2,2^trichloro-l,l-dimethylethyI) ester 
5 (AK85) 

As for bicyclononene AK2, but from bicyclononene AYS (700 mg, 0.918 mmol), 
Cyclopropyl-(3,5-dimethoxy-benzyl)-amine (570 mg, 2.75 mmol), DIPEA (0.628 
mL, 3.67 mmol), DMAP (28 mg, 0.23 mmol), HOBt (136 mg, 1.01 imnol) and 
10 EDC HCl (264 mg, 1.38 mmol) in CH2CI2 (10 mL). Purification by FC yielded 
the title compound (242 mg, 28%). LC-MS: Rt = 7.42. 

(rca)-(ii?*, 55*)-7-{4-[2-(4-Bromophenoxy)ethoxylphenyl}-6-(cyclopropyl-(2- 
/;-toIylethyl)carbamoyll-3^-diazabicyclo[3.3.11noii-<5-ene-3^-dicarboxyUc 
15 acid 3-tert-butyI ester 9-(2^,2-trichloro-l,l-dimethylethyl) ester (AK86) 

As for bicyclononene AK2, but from bicyclononene AYS (700 mg, 0.918 mmol), 
cyclopropyl-(2-p-tolylelhyl)amine (482 mg, 2.75 mmol), DIPEA (0.628 mL, 3.67 
mmol), DMAP (28 mg, 0.23 mmol), HOBt (136 mg, 1.01 mmol) and EDC HCl 
20 (264 mg, 1.38 mmol) in CHiQa (10 mL). Purification by FC yielded the titie 
compound (246 mg, 29%). LC-MS: Rt = 7.66. 

(rac;)-(ii?*,55*>7-{4-12-(4-Bromophenoxy)ethoxylphenyl}-6-{cyclopropyl-I2- 
(2-hydroxyethyl)benzyllcarbamoyl}-3,9-diazabicycIoI3.3.11noii-6-ene-3,9- 
25 dicarboxyUc acid 3-tert-butyl ester 9-(2,2,2-trichloro-l,l-dimethyIethyl) ester 
(AK87) 

As for bicyclononene AK2, but from bicyclononene AYS (1 .00 g, 1 .3 1 mmol), (2- 
allylbenzyl)cyclopropylamine (752 mg, 4.02 mmol), DIPEA (0.918 mL, 5.26 
30 mmol), DMAP (41 mg, 0.34 mmol), HOBt (199 mg, 1.47 mmol) and EDC HCl 
(385 mg, 2.01 mmol) in CH2CI2 (15 mL). Purification by FC yielded the 
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inteimediate compound (875 mg, 72%). Rf = 0.45 (EtOAc/heptane 1:1). LC-MS: 
R, = 7.69. 

Then as for compound AT, but fiom the fonner intermediate compound (875 mg, 
0.939 mmol), NM0-H20 (152 mg, 1.13 mmol), and OSO4 (2.5% in fert-BuOH, 
5 0.236 mL, 0.019 mmol) in THF (8 mL), tert-BnOB. (4 mL) and water (2 mL). 
Purification of the residue by FC (EtOAc/heptane 1:1^ EtOAc ^ MeOH/EtOAc 
1:9) jdelded the 2°^ intermediate compound (310 mg, 34%). Rf = 0.05 
(EtOAc/heptane 1:1). LC-MS: Rt= 6.86. 

Then as for compound AU, but firom the 2"^ intermediate compound (310 mg, 
10 0.321 mmol) and NaI04 (139 mg, 0.481 mmol) in THF (6 mL) and water (2 mL). 
Drying the residue under high vacuum yielded the 3** intamediate compound 
(239 mg, 80%) that was used without further purification. LC-MS: Rt = 7.29. 
Finally as for compound AV, but firom flie 3"" intermediate compound (239 mg, 
0.256 mmol) and NaBH4 (11 mg, 0.28 mmol) in MeOH (5 mL). Purification of 
15 the residue by FC (EtOAc/heptane 1:4 -> 2:3 3:2 ^ 4:1) yielded the title 
compound (170 mg, 71%). Rf= 0.10 (EtOAc/heptane 1:1). LC-MS: Rt = 7.13. 

Compounds of type AL 

20 {rac)'{lR\ 5.S*>7-{4-f2-(2-Bromo-5-nuoropIieiioxy)ethyl]phenyl}-6-(methyl- 
phenethylcarbamoyl)-3,9-diazabicyclo[33.1]iioii-6-ene-9-carboxyUc acid 
2^,2-trichloro-l,l-dimethylethyl ester hydrochloride salt (ALl) 

A sol. bicyclononene AKl (540 mg, 0.61 mmol)I in CH2CI2 (10 mL) was cooled 
25 to CC. HCl/dioxane (4M, 10 mL) was added and the ice bath was removed. 
After 4 h stirring at rt the solvents were removed under reduced pressure and the 
residue dried under high vacuum. The crude was used without fiirther 
purification. 

30 (racy(lR*y 55*)-6-[(2-Chlorobeiizyl)cyclopropylcarbamoyll-7-{4-[3-(2^,6- 
trifluorophenoxy)propyl]phenyl}-3,9-diazabicydo[3J.llnon-6Hsnfr-9-carboxy- 
Uc acid 2^,2-tricliloro-l,l-dimethyl-efliyl ester hydrocWoride salt (AL2) 
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As for compound ALl but from bicyclononene AK2 (407 mg, 0.47 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .06; ES+: 796.34. 

5 (raayilR\ 5*S*)-6-(BenzylcycIopropyIcarbamoyl)-7-{4-[3-(2,3,6-trifluoro- 
phenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene-9-carboxylic acid 
2;:,2-tricIiIoro-l,l-dimethyl-ethyl ester hydrochloride salt (AL3) 

As for compound ALl but from bicyclononene AK3 (570 mg, 0.65 mmol) in 
10 CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: Rt - 1.04; ES+: 766.34. 

{rac.yilR\ 55^6-[(2-Chlorobenzy])ethylcarbamoyl]-7-{4.[3-(2,3,6-trifluoro- 
phenoxy)propyl]phenyl}-34)-diazablcycIo[3.3.1]noii-6-ene-9-carboxylic acid 
2,2,2-trichloro-l,l-dimethylefliyl ester hydrochloride salt (AL4) 

15 

As for compound ALl but from bicyclononene AK4 (about 0.55 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.19; ES+: 786.25. 

(rac.y(lR% 5*S*)-6-[Cyclopropyl-(2-fluorobeiizyl)carbamoyl]-7-{4-(3-(2,3,6- 
20 trifluorophenoxy)propyl]-phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene-9- 

carboxylic acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
(AL5) 

As for compound ALl but from bicyclononene AK5 (about 0.55 mmol) in 
25 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt =1.18; ES+: 782.28. 

(racy(lR*y 5.^'^-6-[Cyclopropyl-(3-trifluoromethylbeiizyl)carbamoyl]-7-{4- 
[3-(2^,6-trifluorophenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.1]noii-6-ene- 
9-carboxyIic acid 2^^-trichloro-l,l-dimethylethyI ester hydrochloride salt 
30 (AL6) 



wo 2004/105762 



PCT/EP2004/00506S 



103 

As for compound ALl but fiom bicydononene AK6 (about 0.55 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.20. 

(racyilR*, J5*)-6-[Cyclopropyl-(2-methyIbeiizyl)carbamoyl]-7-{4-I3-(2A<»- 
5 trifluorophenoxy)propyllphenyl}-3,9-diazabicyclo[3.3.1]non-6-cne-9-carboxy- 

lic acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt (ALT) 

As for compound ALl but from bicydononene AK7 (about 0.55 mmol) in 
.CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: R, = 1.21; ES+: 778.30. 

10 

(nic.)-(Jil*, 55'*)-6-(CyclopropyH4-methoxyphenoxymethyl)carbamoyl]-7-{4- 
[3-(2,3,6-trifluorophenoxy)propyI]phenyl}-3^-diazabicyclo[3.3.11non-6-ene- 
9-carboxyUc acid 2,2;i-trichIoro-l,l-dimethylethyI ester hydrochloride salt 
(AL8) 

15 

As for compound ALl but from bicydononene AK8 (about 0.55 mmol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: R, = 1 .21 . 

(mc)-(ii?*, 55*)-6-[Cyclopropyl-(3-methoxyphenoxymethyl)carbamoyl]-7-{4- 
20 [3-(2,3,6-trifluorophenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene- 
9-carboxyUc add 2A2-tricMoro-l,l-dimethylethyl ester hydrochloride salt 
(AL9) 

As for compound ALl but fix)m bicydononene AK9 (about 0.55 mmol) in 
25 CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: Ri = 1.18. 

{racyilR*, 5.y*)-6-(Cyclopropyl-»i-tolyloxymethyIcarbamoyl>7-{4-[3-(2^,6- 
trifluorophenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.11non-6-ene-9-carboxy- 
Uc acid 2,2^-trichloro.l,l-dimethylethyl ester hydrochloride salt (ALIO) 

30 

As for compound ALl but from bicydononene AKIO (about 0.55 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .24. 
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iraa)'{lR% 55'^6-[Cyclopropyl-(3,4-dimethylphenoxymethyI)carbam 
{4-[3-(2,3,6-trmuorophenoxy)propyl]phenyl}*3^-diazabicyclo[3J.l)n^ 
eiie-9-carboxylic acid 2,2^-trichloro-l,l-dimethyletliyl ester hydrochloride 
5 salt (ALII) 

As for compound ALl but from bicyclononene AKll (about 0.55 nunol) in 
CH2CI2 (5 mL) and HCVdioxane (4M, 5 mL). LC-MS: Rt = 1.28. 

10 (ra£^>(Ji{%5iS'^)-6-(Cyclopropylphenethylcarbamoyl)-7-{4-[3-(2,^ 

phenoxy)propyl]phenyl}-3,9-iliazabicycIo[3.3.1]non-6-ene-9-carboxylic acid 
2;2,2-trichloro-l,l-diinethylethyl ester hydrochloride salt (AL12) 

As for compound ALl but from bicyclononene AK12 (about 0.55 mmol) in 
15 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.18; ES+: 778.30. 

(rac.y{IR% 5iS*)-6.{[2-(2-Chlorophenyl)ethyl]cyclopropylcarbamoyl}-7-{4-[3- 
(2,3,6-trifluorophenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.11non-6-ene-9- 
carboxylic acid 2,2,2'-trichIoro-l,l-dimethyIethyi ester hydrochloride salt 
20 (AL13) 

As for compound ALl but from bicyclononene AK13 (about 0.55 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .21 . 

25 iracyilR^y 55'*)-6-{CycIopropyl-(2-(2,3-difluorophenyI)ethyl]carbamoyl}.7- 
{4-[3-(2^,6-trifluorophenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.1]iion-6- 
ene-9-carboxylic acid 2,2,2-trichIoro-l,l-dimethylethyI ester (AL14) 



As for compound ALl but from bicyclononene AK14 (about 0.55 mmol) in 
30 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.21. 
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(raaXM* 55'*)-(^{CycIopropyI-[2-(4-fIttoroplienyl)ethyl]carbamoyl}-7-{4- 
I3-(2A6-trifluorophenoigr)propyl]pheiiyl}-3,9-diazabicyclo[3.3.1]non-6-ene- 
9-carboxylic add 2^^-tricliIoro-l,l>dimethyIediyI ester hydrochloride salt 
(AL15) 

5 

As for compound ALl but from bicyclononene AK15 (about 0.55 mmol) in 
CH2a2 (5 mL) and HCI/dioxane (4M, 5 mL). LC-MS: Rt = 1.18; ES+: 796.28. 

(rac}-{lR*, J**)-6-[CycIopropyl-(2-<>-tolylethyI)carbamoyl]-7-{4-[3-(2^,(»-tri- 
1 0 fluorophenoiiy)propyl]phenyl}-3^-diaza-bicyclo[3.3.1]noii-6-ene-9-carboxylic 
add 2^^trichloro-l,l-dimetfaylethyl ester hydrodiloride salt (AL16) 

As for compound ALl but from bicyclononene AK16 (about 0.55 mmol) in 
CH2CI2 (5 mL) and HCI/dioxane (4M, 5 mL). LC-MS: Rt = 1.21; ES+: 794.30. 

15 

(mc)-(iJt* 5iS'*)-6-[CycIopropyl-(3,5-dimethoxybenzyl)carbamoyl]-7-{4-[3- 
(2,3,6-trifluorophenoxy)propyl]phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene-9- 
carboxylic add 2^^-trlchloro-l,l-dimethylethyl ester hydrochloride salt 
(AL17) 

20 

As for compound ALl but from bicyclononene AK17 (about 0.55 mmol) in 
CH2CI2 (5 mL) and HCVdioxane (4M, 5 mL). LC-MS: Rt = 1.16. 

iracy{lR*, 55'*>6-(Cydopropyl-(2-/>-tolylethyl)carbamoylJ-7-{4-I3-(2,3,6-tri- 
25 fluoropheiioxy)propyl]phenyI}-3,9-diazabicycIo[3.3.1]non-6-ene-9-carboxyIic 
add 2;S^trichloro-l,l-dunethylethyl ester hydrodiloride salt (AL18) 

As for compound ALl but fix>m bicyclononene AK18 (about 0.55 mmol) in 
CH2CI2 (5 mL) and HCI/dioxane (4M, 5 mL). LC-MS: R^ = 1.22; ES+: 792.30. 

30 

{rac.y{lR * 55*)-6-{Cyclopropyl-[2-(2-hydroxyethyI)benzyl] carbamoyI}-7-{4- 
[3-(2,3,6-trifluorophenoxy)propyI]phenyl}-3,9-diazabicydoI3,3.1]non-6-ene- 
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9-carboxylic add 2,2^tricIiloro-l,l-dimetfaylethyl ester hydrochloride salt 
(AL19) 

As for compound ALl but jfrom bicyclononeaae AK19 (about 0.55 nunol) in 
5 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.01. 

(racyilR*, 55'*)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-[(2- 
chlorobenzyl)cyclopropylcarbamoyll-3,9-diazabicyclo[3.3.1]non-6-ene-9- 
carboxylic acid 2,2;2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
10 (Alio) 

As for cooxpound ALl but firom bicyclononene AK20 (about 0.55 mmol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: R, = 5.26; ES+: 806.26. 

15 {rac.y{lR*, 55'*)-6-(BenzylcyclopropylcarbamoyQ-7-{4-[3-(2-bromo-5-fluoro- 
phenoxy)propyl]phenyI}-3,9-diazabicyclo[3.3.1]non-6-ene-9-carboxylic acid 
2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt (AL21) 

As for compound ALl but from bicyclononene AK21 (519 mg, 0.54 mmol) in 
20 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .06. 

(rac)-(iJt*, 5S'*0-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-[(2- 
chlorobenzyl)ethylcarbamoyll-3,9-diazabicydo[3.3.1]noii-6-eiie-9-carboxyIic 
acid 2,2^-trichloro-14-dimel]iylethyl ester hydrochloride salt (AL22) 

25 

As for compound ALl but from bicyclononene AK22 (about 0.8 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.30; ES+: 828.33. 

{racYilR*, J5*)-7-{4-(3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-[cyclo- 
30 propyl-(2-fluorobeii2yl)carbamoyl]-3,9-diazabicyclo[3.3.1]non-6-ene-9-carbo- 
xylic acid 2;j,2-trichloro-l,l-dunethyIethyl ester hydrochloride salt (AL23) 
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As for compound ALl but from bicyclononene AK23 (about 0.8 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). 

{rac.y{lR*j 5iy*)-7-{4-[3-(2-iBromo-5-fluorophenoxy)propyl]phenyl}-6-[cyclo- 
5 propyI-(3-trifluoromethylbenzyl)carbamoyl]-3,9-diazabicyclo[3.3*l]non-6- 
ene-9-carboxylic acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride 
salt(AL24) 

As for compound ALl but from bicyclononene AK24 (about 0.8 mmol) in 
10 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.33; ES+: 820.40. 

irac.y(lR *, 5iS''^)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-[cyclo- 
propyl-(2-methylbenzyI)carbamoyl]-3,9-diazabieyclo[3.3.1]non-6-ene-9- 
carboxylic acid 2,2,2-trichIoro-l,l-dimethyIethyl ester hydrochloride salt 
15 (AL25) 

As for compound ALl but from bicyclononene AK25 (about 0.8 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.06. 

20 irac.)-ilR % 55'*)-7-{4-(3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-{cyclo- 
propyl-[2-(4-methoxyphenoxy)ethyl]carbamoyl}-3,9-diazabicyclo[3.3.11non- 
6-eiie-9-carboxylic acid 2^,2-trichIoro-l,l-dimethyIethyl ester hydrochloride 
salt(AL26) 

25 As for compound ALl but from bicyclononene AK26 (about 0.8 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.08; ES+: 866.40. 

(rac.y(lR\ 55'*)"7-{4-[3-(2-Bromo-5-fluoropheiioxy)propyl]phenyl}-6-[cyclo- 
propyl-(2-/ii-tolyloxyethyl)carbamoyl]-359-diazabicyclo[3.3.1]non-6-ene-9- 
30 carboxylic acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
(AL27) 
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As for compound ALl but from bicyclononene AK27 (about 0.8 mmol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: BU = 1.07. 

iracyilR*, 55*)-7-{4-[3-(2-Broino-5-fluorophenoxy)propyllphenyl}-6-{cydo- 
5 propyl-[2K3,4-dimethylphenoxy)ethyl]carbamoyl}-3,S>-diazabicyclo(3.3.1]- 
non-6-ene-9-carboxyUc acid 2,2;i-trichloro-l,l-dimethylethyl ester 
hydrocUoride salt (AL28) 

As for compound ALl but from bicyclononene AK28 (about 0.8 mmol) in 
10 CH2a2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .08. 

-ilR*i 5,S*)-7-{4-l3-(2-Bromo-5-flttorophenoxy)propyllphenyl}-6-(cydo- 
propylpheiietliyIcarbamoyl)-3,9-diazabicyclo[33.11iioii-6-eiie-9-carboxylic 
add 2,2^-tridiloro-l,l-dimethylethyl ester hydrochloride salt (AL29) 

15 

As for compound ALl but from bicyclononene AK29 (about 0.8 mmol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: Rt = 5.25; ES+: 820.38. 

{racyilR*, 55'*)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-{[2-(2- 
20 chlorophenyl)ethyl]cyclopropylcarbamoyl}-3,9-diazabicyclol3.3.1]non-6-ene- 
9-carboxyUc add 2^^-trichloro-l,l-dimethylethyl ester hydrochloride salt 
(AL30) 

As for compound ALl but from bicyclononene AK30 (about 0.8 mmol) in 
25 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.35; ES+: 854.30. 

(rac)-{lR\ 55'*)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyI]phenyl}-6-{cydo- 
propyl-[2-(2,3-dinuorophenyl)ethyl]carbamoyl}-3,9-diazabicydo[3.3.11noii-6- 
ene-9-carboxyUc acid 2,2,2-trichloro-l,l-dtaiethylethyl ester hydrochloride 
30 salt (AL31) 
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As for compound ALl but from bicyclononene AK31 (about 0.8 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.40; ES+: 856.38. 

(rac)-(JjR* 55'^)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyl]phenyl}-6-{cydo- 
5 propyI-[2-(4-fluorophenyl)ethyl]carbanioyl}-3,9-diazabicyclo[3.3.1]non-6- 
ene-9-carboxyIic acid 2,2^-tricliloro-l,i-dimethylethyl ester hydrochloride 
salt (AL32) 

As for compound ALl but from bicyclononene AK32 (about 0,8 mmol) in 
10 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.28; ES+: 838.40. 

(mc>(iJ?* 55'*)-7-{4-[3-(2-Bromo-5-iluorophenoxy)propyl]phenyl}-6-[cyclo- 

propyK2-o-toIyIethyI)carbamoyl]-3^-<Iiazabicyclo[3.3.1]noii-^ 

xylic acid 2,2,2-trichloro-14-dimethylethyI ester hydrochloride salt (AL33) 

15 

As for compound ALl but from bicyclononene AK33 (about 0.8 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.36; ES+: 834.42. 

l:l-Mixture of (rac.)-(iif* 55'*)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyl]- 
20 phenyl}-6-[((2jR*)-2-hydroxy-2-phenylethyl)methylcarbamoyll-3,9-diaza- 

bicycIo[3.3.1]non-6-ene-9-carboxylic acid 2,2,2-trichloro-l,l-dimethylethyl 
ester hydrochloride salt and (rac.y{lR% 5*5*)-7-{4-[3-(2-Bromo-5-fluoro- 
phenoxy)propyl]phenyl}-6-[((25''^)-2-hydroxy-2-phenylethyQmethyl- 
carbamoyl]-3,9-diazabicyclo[3.3«l]iio]i-6-ene-9-carboxylic acid 2,2^-tri- 
25 chloro-l,l-dimethyIethyl ester hydrochloride salt (AL34) 

As for compound ALl but from bicyclononenes AK34 (about 0.3 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 0.99. 

30 (rac.yilR\ 5S*)-7-{4-[3-(2.Bromo-5-fluorophenoxy)propyl]phenyl}-6-lcyclo- 
propyI-(3,5-dimethoxybenzyi)carbamoyl]-3,9-diazabicyclo(3.3.1]non-6-ene-9- 
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carboxylic acid 2^,2-tricliloro-l,l-dimet]iylediyl ester hydrochloride salt 
(AL35) 

As for compound ALl but from bicyclononene AK35 (about 0.8 mmol) in 
5 CH2a2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS; Rt = 5.23; ES+: 866.40. 

{rac,)-{lR\ 5.$'*)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyI]phenyl}-6-[cyclo- 
propyl-(2-j5-tolylethyl)carbamoyl]-3,9-diazabicyclo[3.3.11non-6-ene-9-carbo- 
xylic acid 2^,2-trichloro-l,l-dimethylethyl ester hydrochloride salt (AL36) 

10 

As for compound ALl but from bicyclononene AK36 (about 0.8 nunol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: Rt = 5.59; ES+: 834.42. 

{racy{lR*y 55«)-7-{4-[3-(2-Bromo-S-fluorophenoxy)propyl]phenyl}-6-{cyclo- 
15 propyI-[2-(2-hydroxyetfayl)benzyl]carbamoyl}-3,9-diazabicyclo[3.3.1]non-6- 
ene-9-carboxylic acid 2,2^-trichloro-l,l-dimethylethyl ester hydrochloride 
salt (AL37) 

As for compound ALl but from bicyclononene AK37 (about 0.8 mmol) in 
20 CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: Rt = 1 .01 . 

{racy{lR*, 5.S*)-6-[(2-Clilorobenzyl)cyclopropylcarbamoyl]-7-{4-I2-(2^,6- 
trimethylphenoxy)ethyl]phenyl}-3,9-diazabicyclo[3J.l]iioii-6-ene-9-carboxy- 
lic add 2,2^-trichloro-l,l-dimethylethyl ester hydrochloride salt (AL38) 

25 

As for compound ALl but from bicyclononene AK38 (312 mg, 0.35 mmol) in 
CH2CI2 (5 mL) and HCI/dioxane (4M, 5 mL). LC-MS: Rt = 1.08; ES+: 774.33. 



{racy{lR\ 5^*)-6-(Benzylcyclopropylcarbamoyl)-7-{4-l2-(2^,6-trimethyl- 
30 phenoxy)ethyl]phenyl}-3^-diazabicyclo[3.3.1]non-6-ene-9-carboxylic acid 
2^,2-trichloro-l,l-dimethyIethyI ester hydrochloride salt (AL39) 
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As for compound ALl but from bicyclononene AK39 (340 mg, 0.40 mmol) in 
CH2a2 (5 mL) and HCMoxane (4M, 5 mL). LC-MS: Rt = 1.05; ES+: 740,42, 

(racyilR^y JiS*)-6-[(2-Chlorobenzyl)ethylcarbamoyI]-7-{4-[2-(2,3,6. 
5 trimethyI-phenoxy)ethyI]phenyl}-3,9-diazabicyclo[3^*l]non-6-ene-9- 

carboxylic acid 2,2,2-trichloro-14-dimethylethyl ester hydrochloride salt 
(AL40) 

As for compound ALl but from bicyclononene AK40 (374 mg, 0.43 mmol) in 
10 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.07; ES+: 762.34. 

{racy{lR\ 5iS'>6-[CyclopropyH2-fluorobeiizyl)carbamoyl]-7-{4-[2-(2,3,6- 
trimethylphenoxy)ethyI]phenyI}-3,9-diazabicyclo[3JJ]non-6-ene-9-carboxy^ 
lie acid 2^^trichloro-14-dimethyleihyl ester hydrochloride salt (AL41) 

15 

As for compound ALl but from bicyclononene AK41 (350 mg, 0.41 mmol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL), LC-MS: Rt = 1.06; ES+: 758.38. 

(rac)-(JjR*, 5iy*)-6-[Cyclopropyl-(3-trifluoromethylbenzyI)carbamoyl]-7-{4- 
20 [2-(2,3,6-trimethylphenoxy)ethyl]phenyl}-3,9-diazabicyclo[3.3,l]non-6-ene-9- 
carboxyiic acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
(AL42) 

As for compound ALl but from bicyclononene AK42 (294 mg, 0.32 mmol) in 
25 CH2CI2 (5 mL) and HCVdioxane (4M, 5 mL). LC-MS: Rt = 1 .08. 

(rflc)-(iJ?* 55*)-6-[Cyclopropyl-(2-methylben2yl)carbamoyl]-7-{4-[2-(2^,6- 
triinethylpheiioxy)ethyl]phenyl}-3,9-diazabicyclo[3.3.1]iion-6-ene-9-carboxy- 
lie add 2^,2-trichloro-l,l-dimethyIethyl ester hydrochloride salt (AL43) 

30 

As for compound ALl but from bicyclononene AK43 (322 mg, 0.38 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.08; ES+: 752.39. 
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(racXJJf*, 55'*)-6-{CycIopropyl-[2-(4-methoxyphenoxy)ethyl]carb8moyl}-7- 
{4-[2-(2,3,6-trimethylpheiioxy)ethyl]phenyl}-3,9-dia2abicydo[33.11non-6- 
ene-9-carboxyUc acid 2,2^-trichloro-l,l-dimethylethyl ester hydrochloride 
5 salt(AL44) 

As for compoimd ALl but from bicyclononene AK44 (159 mg, 0.18 nunol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.07. 

10 (ra&HiH*, 55*)-6-{Cyclopropyl-[2-(3-methoxyphenoxy)ethyl]carbamoyl}-7- 
{4-[2-(2,3,6-trimethylphenoxy)ethyl]pheiiyl}-3,9-diazabicycloI33.11non-6- 
ene-9-carboxyBc add 2^^trichloro-l,l-dimethylethyl ester (AL45) 

As for compound ALl but from bicyclononraie AK45 (237 mg, 0.26 mmol) in 
15 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.00. 

{rac.y(lR*, 5^*)-6-[CyclopropyI-(2-»i-tolyloxyethyl)carbamoyI]-7-{4-[2- 
(2,3,6-trimethylphenoxy)ethyllplienyl}-3,9-diazabicycIo[3.3.11non-6-ene-9- 
carboxy-lic add 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
20 (AL46) 

As for compound ALl but from bicyclononene AK46 (185 mg, 0.21 mmol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL), LC-MS: Rt = 1.09; ES+: 784.40. 

25 (focXIJ?*, J5:'«)-6-(CyclopropyU)henefliylcarbamoyI)-7-{4-[2-(2,3,6- 
trimethyI-phenoxy)ethyIlphenyI}-3,9-dhizabicydo[3.3.11non-6-eiie-9- 
carboxyUc add 2,2,2-tridiloro-l,l-dimethylethyl ester hydrochloride salt 

(AL47) 



30 As for compound ALl but from bicyclononene AK47 (about 0.3 mmol) in 
CH2CI2 (5 mL) and HCVdioxane (4M, 5 mL). LC-MS: Rt = 1.09; ES+: 754.44. 
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(racyilR*, 55*)-6-{[2-(2-CliloropheiiyI)ethyllcyclopropylcarbamoyl}-7-{4-[2- 
(2;3,6-trimefliylphenoxy)ethyllphenyl}-3,9-diazabicydo[33.11non-6-ene-9- 
carboxyUc acid 2,2^-trichIoro-l,lHMmethylethyl ester hydrochloride salt 
(AL48) 

5 

As for compomd ALl but from bicyclononene AK48 (about 0.3 nunol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: Rt = 1.10; ES+: 788.41. 

{rac)-ilR% 55'*)-6-{Cyclopropyl-[2-(2,3-difluorophenyI)ethyl]carbamoyl}-7- 
10 {4-[2-(2^,6-trimethylphenoxy)ethyll-phenyl}-3,9-diazabicyclo[33.11non-6- 
ene-9-carboxylic add 2^,2-trichloro-l,l-dimethylethyl ester hydrochloride 
salt(AL49) 

As for compound ALl but from bicyclononene AK49 (about 0.3 mmol) in 
15 CH2CI2 (5 mL) and HCI/dioxane (4M, 5 mL). LC-MS: R* = 1.09; ES+: 788.41. 

(racyilR*, 55*)-6-{Cyclopropyl-[2-(4-fluorophenyl)ethyllcarbamoyl}-7-{4- 
[2-(2,3,6-trimethylphenoxy)ethyl]phenyl}-3,9-diazabicyclo[3.3.11non-6-ene-9- 
carboxyUc acid 2^,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
20 (ALSO) 

As for compound ALl but from bicyclononene AK50 (about 0.3 mmol) in 
CH2CI2 (5 mL) and HCI/dioxane (4M, 5 mL). LC-MS: R« = 1.09; ES+: 772.41. 

25 (faa)-(li?*, JJ'^-6-[Cyclopropyl-(2-o-tolylethyl)carbamoyl]-7-{4-I2-(2A6- 
trimethylphenoxy)ethyl]phenyl}-3,9-diazabicydo[3J.l]iion-6-eiie-9-carboxy- 

Uc acid 2^^-trichloro-l,l-dimethylethyl ester hydrochloride salt (AL51) 



As for compound ALl but from bicyclononene AKSl (about 0.3 mmol) in 
30 CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: R< = 1.10; ES+: 768.44. 
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l:l-Mixture of (raa).-(2^* 55^-6-[((25^2-hydroxy-2-plienylethyl)meihyI- 
carbamoyl]-7-{4-[2-(2;3,6-trimethylphenoxy)ethyl]phenyl}-3,9-diaz^^^^ 
[33.1]noii-6-ene-9-carboxylic acid 2;2,2-tricliloro-l,l-dimethylethyl ester 
hydrochloride salt and (rac.y(lR*, 5iS*)-6.[((2iS*)-2-hydroxy-2-phenylethyl)- 
5 methylcarbamoyl]-7-{4-[2-(2,3,6-trimethylpheiioxy)ethyl]pheiiyl}-3,9-diaza- 
bicycloI3.3,l]noii-6-ene-9-carboxylic acid 2^,2-trichloro-l,l-dimethylethyl 
ester hydrochloride salt (AL52) 

As for compound ALl but fix)m bicyclononene AK52 (about 0.3 mmol) in 
10 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.02; ES+: 744.44. 

{racyilR *, 5iS'*)-6-[Qrclopropyl-(3)S-dimethoxybeiizyl)carbamoyl]-7-{4- 
(2^,6-trimethylphenoxy)ediyl]phenyI}-3>9-diazabicydo[3.3J]iion-6-en^^^ 
carboxylic acid 2,2;S-trichloro-l,l-dimethylethyl ester hydrochloride salt 
15 (AL53) 

As for compound ALl but fiom bicyclononene AK53 (about 0.3 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.07. 

20 {racyilR^y JS'*)-6-[Cyclopropyl-(2-/7-tolylethyl)carbamoyll-7-{4-[2-(2,3,6-tri- 
methylphenoxy)ethyl]phenyI}-3,9-diazabicyclo[3*3.1]non-6-ene-9-carboxylic 
acid 2,2,2-trichloro*l,l-dimethylethyl ester hydrochloride salt (AL54) 

As for compound ALl but from bicyclononene AKS4 (about 0.3 mmol) in 
25 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS; Rt = 1.10; ES+: 768.44. 

(rac.y(lR% 55'*)-6-{Cyclopropyl-(2-(2-hydroxyefliyl)bcnzylJcarbamoyl}-7-{4- 
[2-(2,3^6-trimethylphenoxy)ethyl]phenyl}-3,9-diazabicyclo[3.3.1]non-6-ene-9-- 
carboxylic acid 2»2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
30 (AL55) 
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As for compound ALl but from bicyclononene AK55 (about 0.3 mmol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: Rt = 1.03; ES+: 784.44. 

{raay(lR\ 5iy*)-6-[(2-CWorobeii2yl)cyclopropylcarbamoyl]-7-{4-[2-(2- 
5 cUoro-4,5-dimethyIphenoxy)ethoxy]phenyl}-3,9-diazabicyclo[3J.l]non-6- 
ene-9*carboxylic acid 2^,2-trichloro-l,l-dimethylethyl ester hydrochloride 
salt (ALS6) 

As for compound ALl but from bicyclononene AK56 (about 0,5 mmol) in 
10 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.08; ES+: 785.26. 

(rflc)-(JU* 5iS*)-6-[(2-Chloroben2yl)cthylcarbamoyll-7-{4-(2-(2-chloro-4,5- 
dimethylphenoxy)ethoxy]phenyI}-3^-diazabi€yclo[3.3.1]non-6-eiie-9-carbo- 
xylic add 292^-trichloro-l,l-dimethylethyI ester hydrochloride salt (AL57) 

15 

As for compound ALl but from bicyclononene AK57 (about 0.5 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.06. 

(rac.y(lR% 5iS'*)-7-{4-(2-(2-Chloro-4,5-dimethyIphenoxy)ethoxy]phenyl}-6- 
20 [cyclopropyI-(2-fluorobenzyl)carbamoyl]-3,9-diazabicyclo[3.3.1]non-6-ene-9- 
carboxylic acid 2,2,2-trichloro-'l,l-dimethyletfayl ester hydrochloride salt 
(AL58) 

As for compound ALl but from bicyclononene AKS8 (about 0.5 mmol) in 
25 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: R< = 1.06. 

(rac)-(Ji?* 5.S'^)-7-{4-[2-(2-Chloro-4,5-dimethylphenoxy)ethoxy]phe]iyl}-6- 
[cyclopropyl-(3-trifiuoromethylbenzyl)carbamoyl]-3,9-diazabicydo[3.3.1]- 
non-6-ene-9-carboxyIic acid 2,2,2-trichIoro-l,l-dimethylethyl ester 
30 hydrochloride salt (AL59) 
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As for compound ALl but ftom bicyclononene AKS9 (about 0.5 mmol) in 
CH2a2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: R* = 1.08. 

{racyilR*, 55*)-7-{4-[2-(2-CMoro-4,5-dimethylphenoxy)ethoxy)phenyl}-6- 
5 [cyclopropyl-(2-methylbenzyI)carbamoyl]-3,9-diazabIcyclo[3.3.11non-6-ene-9- 
carboxyUc acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
(AL60) 

As for compound ALl but from bicyclononene AK60 (about 0.5 mmol) in 
10 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .07; ES+: 788.40. 

{raayilR*, 55'*)-7-{4-[2-(2-Chloro-4^dimcthylphenoxy)ethoxylphenyl}-6- 
{cyclopropyl-I2-(4-methoxyphenoxy)ethyl]carbamoyl}-3,9-diazabicyclo- 
[33.11non-6-ene-9-carboxyUc acid 2^^trichloro-l,l-dimethylethyl ester 
15 hydrochloride salt (AL61) 

As for compound ALl but from bicyclononene AK61 (about 0.5 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: R, = 1.06. 

20 (rac)-ilR*, 5iS*)-7-{4-[2-(2-Chloro-4^-dimethylphenoxy)ethoxy]phenyl}-6- 
{cyclopropyl-[2-(3-methoxyphenoxy)ethyl]carbamoyl}-3,9- 
diazabicyclo(33.11non-6-ene-9-carboxyUc acid 2,2,2-trichloro-l,l- 
dimethylethyl ester hydrochloride salt (AL62) 

25 As for compound ALl but from bicyclononene AK62 (about 0.5 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.07. 

(racyilR*, 5.S*)-7-{4-[2-(2-Chloro-4A^iimethylpheiioxy)ethoxy]phenyl)-6- 
(cyclopropyl-(2-//i-tolyloxyethyl)carbamoyI]-3,9-diazabicyclo[3J.llnon-6-ene- 
30 9-carboxyUc acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
(AL63) 
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As for compound ALl but &om bicyclononene AK63 (about 0.5 minol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: = 1 .08. 

iraay(JR\ 5iS*)-7-{4-I2-(2-Chloro-4^-dimethylphenoxy)ethoxylphenyl}-^ 
5 (cycIopropylphenetfayIcarbamoyl)-3,9-diazabicyclo[3.3.1]non-6-ene-9-carbo- 
xylic add 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt (AL64) 

As for compound ALl but from bicyclononene AK64 (about 0.5 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.07; ES+: 788.39. 

10 

(racy(lR% 5i^*)-7-{4-[2-(2-ChIoro-4,5-dmiethylpheiioxy)ethoxy]phenyl}-6- 
{[2-(2-cliloropheiiyl)efh}i)cyclopropylcarbamoyl}-3,9-diazabicyclo[3.3.1]no]i- 
6-ene-9-carboxyIic acid 2,2,2-trichIoro-l,l-dimethylethyl ester hydrochloride 
salt (AL65) 

15 

As for compoxmd ALl but from bicyclononene AK65 (about 0.5 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .08. 

(racO-(ii?% 5»y*)-7-{4.[2-(2-Chloro-4,5-dimethylphenoxy)ethoxy]phenyl}-6- 
20 {cyclopropyl-[2-(2,3-difluorophenyl)ethyl]carbamoyl}-3,9-diazabicyclo- 

[3.3,l]non-6-ene-9-carboxylic acid 2,2,2->trichloro-l,l-dlmethylethyl ester 
hydrochloride salt (AL66) 

As for compound ALl but from bicyclononene AK66 (about 0.5 mmol) in 
25 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .06. 

irac.yilR'^^ 5iS'^)-7-{4-[2-(2-ChIoro-4^-dimethylphenoxy)ethoxy]phenyl}*6- 
{cyclopropyl-[2-(4-fluorophenyl)ethyl]carbamoyl}-3,9-diazabicyclo[33.1]non- 
6-ene-9-carboxyIic acid 2,2,2-trichloro-l,l"dimethylethyl ester hydrochloride 
30 salt(AL67) 
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As for compound ALl but from bicyclononene AK67 (about 0.5 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1.06. 

(rfla)-(iif* 55*)-7-{4-[2-(2-Cmoro^^-dimethylphenoxy)ethoxy]phenyl}.6- 
5 [cycIopropyl-(2-o-tolylethyI)carbamoylI-3,9-diazabicyclo[3.3a]non-6-ene^^^ 
carboxylic acid 2^2^-trichloro-l,l-dimethylethyl ester (AL68) 

As for compound ALl but from bicyclononene AK68 (about 0.5 mmol) in 
CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .08. 

10 

l;l-Mixture of (racHlM^y 55*)-7-{4-[2-(2-Ghloro-4,5-dimethylphenoxy)- 
ethoxy]phenyl}-6-[((2JI^2-hydroxy-2-phenylethyl)methylcarbamoyl]-3,^^ 
diazabicyclo[3.3.1]iion-6-eiie-9-carboxylic acid 2^^trichloro-l,l-dimetliyt 
ethyl ester hydrocUoride salt and (rac-)-(JJ?* 55'*)-7-{4-[2-(2-cWoro-4^ 
15 dimethylphenoxy)etiLoxy]phenyI}-6-[((2>S''^2-hydroxy-2-phenylethyO^ 

carbamoyl]-3,9-diazabicyclo[3.3.1]non-6-ene-9-carboxylic acid 2,2^ 
tricliloro-l,l-dimethyiethyl ester hydrochloride salt (AL69) 

As for compound ALl but from bicyclononene AK69 (about 0,5 mmol) in 
20 CH2CI2 (5 mL) and HCVdioxane (4M, 5 mL). LC-MS: Rt = 0.99; ES+: 780.37. 

irac.y(lJR\ 5>S*>7-{4-I2-(2-Chloro-4,5-dimethylpheiioxy)ethoxylphenyl}-6- 
[cyclopropyl-(3,5-dimethoxybenzyl)carbamoyl]-3^-diazabicyclo[3.3.1]non-(}- 
ene-9-carboxylic acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride 
25 salt(AL70) 

As for compound ALl but from bicyclononene AK70 (about 0.5 mmol) in 
CH2CI2 (5 mL) and HCydioxane (4M, 5 mL). LC-MS: Rt = 1.06. 

30 {rac.y{lR\ 55*)-7-{4-(2-(2-Chloro-4,5-dimethylphenoxy)ethoxy]phenyl}-6- 
[cyclopropyl-(2-/;-tolyiethyl)carbamoyl]-3,9-diazabicyclo[3.3.1]non-6-ene-9- 
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carboxylic acid 2,2^-tricliloro-l,l-dimethylethyl ester hydrochloride salt 
(AL71) 

As for compound ALl but from bicyclononene AK71 (about 0.5 mmol) in 
5 CH2CI2 (5 mL) and HCl/dioxane (4M, 5 mL), LC-MS: Rt = 1 .08. 

{rac.y{lR% 55'*).7-{4-[2-(2-Chloro-4,5-dimethylphenoxy)ethoxy]phenyl}-6- 
{cycIopropyl-[2-(2-hydroxyethy0benzyl]carbamoyl}-3,9-diazabicyclo[3.3.11- 
non-6-ene-9-carboxyIic acid 2^^-trichloro-l,l-dimethylethyl ester 
1 0 hydrochloride salt 

As for compound ALl but from bicyclononene AK72 (about 0.5 mmol) in 
CH2CI2 (5 mL) and HCI/dioxane (4M, 5 mL). LC-MS: Rt = 1 .01 . 

15 {racYilR^ 5iS^*)-7-{4-[2-(4-Bromophenoxy)ethoxy]phenyI}-(»-[(2-chloro- 
benzyl)cyciopropylcarbamoyl]-3,9-diazabicyclo[3.3»l]iioii-6-ene-9-carboxylic 
acid 2,2,2-trichIoro-l,l-dimethyl-etiiyl ester hydrochloride salt (AL73) 

As for compound ALl but from bicyclononene AK73 (0.28 mmol) in CH2CI2 (5 
20 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 4.98; ES+: 824.32. 

{rac.)'(lR % 5iS'*)-6-(Ben2ylcyclopropylcarbamoyl)-7-{4-[2-(4-bromophenoxy)- 
ethoxy]pheiiyI}-3,9-diazabicyclo[3.3.1]noii-6-ene-9-carboxylic acid 2,2,2- 
trichloro-l,l-dimethyiethyl ester hydrochloride salt (AL74) 

25 

As for compound ALl but from bicyclononene AK74 (0.27 mmol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 1 .03; ES+: 792.36. 



{rac,y{lR\ 5*S*)-7-{4-[2-(4-Bromophenoxy)ethoxylphenyl}-6-[(2-chloro- 
30 benzyl)ethylcarbamoyl]-3,9-diazabicyclo[3.3.1]non-6-ene-9-carboxylic acid 
2,2,2-trichloro-l,l-dimethyIethyl ester hydrochloride salt (AL75) 
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As for compoxind ALl but from bicyclononene AK75 (0.22 mmol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 4.92; ES+: 812.35, 

(mc.)-(iU* 5iS'^>-7-{4-[2-(4-Bromophenoxy)eihoxy]phenyl}-6-[cyciopropyl-(2- 
5 fIuorobenzyI)carbamoyI]-3,9-diazabicyclo[3.3.1]noii-6-ene-9-carboxylic acid 
2,292-trichloro-l,l-diinethylethyl ester hydrochloride salt (AL76) 

As for compound ALl but from bicyclononene AK76 (0.26 mmol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 4,78; ES-f : 808.40. 

10 

(racy(lR% 5i9*)-7-{4-[2-(4-Broinophenoxy)ethoxy]phenyl}-6-[€yclopropyl-(3- 
trifluoromeihylbenzyl)carbamoyl]-3,9-diazabicyclo[3.3.1]non-6-eiie-9-carbo- 
xylic add 2,2,2-triGhIoro-l,l-dimethylethyI ester hydrochloride salt (AL77) 

15 As for compound ALl but from bicyclononene AK77 (0.29 mmol) in CH2CI2 (5 
mL) and HCVdioxane (4M, 5 mL). LC-MS: Rt = 4,97; ES+: 858.42. 

(raa)-(ii?* 5iS'*)-7-{4-[2-(4-Bromophenoxy)ethoxy]phenyl}-6-[cyclopropyl-(2- 
methyIbenzyI)carbamoyl]-3,9-diazabicycIo[3.3.1]non-6-ene-9-carboxylic acid 
20 2^,2-trichloro-l,l-diinethylethyl ester hydrochloride salt (AL78) 

As for compound ALl but from bicyclononene AK78 (0.28 mmol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.01; ES+: 804.42. 

25 (rac.)-(ijR*, 5iS'*)-*7-{4-[2-(4-Bromophenoxy)etfaoxy]pheiiyl}-6-{cycIopropyl-[2~ 
(4-methoxyphenoxy)ethyl) carbamoyl}-3,9-diazabicyclo [3.3.1]iioii-6-ene-9- 
carboxylic acid 2,2,2-triGhloro-l,l-d[imethylethyl ester hydrochloride salt 
(AL79) 



30 As for compound ALl but from bicyclononene AK79 (0.2 mmol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.03; ES+: 850.44. 
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(^ac•)-(li^^ 55'*)-7-{4-[2-(4-Bromophenoxy)ethoxy]phenyl}-6-{ 

(3,4-dimethylphenoxy)ethyl]carbamoyl}-3,9-diazabicyd^ 

carboxylic acid 2,2^-trichIoro-l,l-dimethyletfayl ester hydrochloride salt 

(ALSO) 

5 

As for compound ALl but from bicyclononene AK80 (0.21 mmol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.11 ; ES+: 848.43. 

(racy(JR% 5*y*)-7-{4-[2-(4-Bromophenoxy)ethoxy]phenyl}-6-{[2-(2-chloro- 
10 pheiiyl)ethyl]cyclopropylcarbamoyl}-3^-dia2abicyclo[3.3.11noii-6-ene-9- 

carboxylic add 2^^-trichloro-l,l-dimeihylethyl ester hydrochloride salt 
(AL81) 

As for compound ALl but from bicyclononene AK81 (0.27 mmol) in CH2CI2 (5 
15 mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 5.09; ES+: 838.36. 

(rac.yilR'^j 5iS*)-7-{4-[2-(4-Bromophenoxy)ethoxy]phenyl}-6-{cyclopropyl-[2- 
(2,3-difluorophenyl)ethyllcarbamoyl}-3,9-diazabicyclo[3.3.1]non-6-ene-9- 
carboxylic acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
20 (AL82) 

As for compound ALl but from bicyclononene AK82 (0.26 mmol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt = 4.44; ES+: 840.42. 

25 (racXlJ?*, 5iS'*)-7-{4-(2-(4-Bromophenoxy)ettioxy]phenyl}-6-{cyclopropyl-[2- 
(4-fluorophenyl)ethyl]carbamoyl}-3,9-diazabicyclo[3.3.11noii-6-ene-9-carbo- 
xylic acid 2,2,2-trichlorO"l,l-dimethylethyl ester hydrochloride salt (AL83) 

As for compound ALl but from bicyclononene AK83 (0.24 mmol) in CH2CI2 (5 
30 mL) and HCVdioxane (4M, 5 mL). LC-MS: R* = 4.89; ES+: 822.39. 
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(racyilM*, 55'*)-7-{4-[2-(4-Bromopheno3q^)ethoxyIphenyl}-6-[cyclopropyl-^^^ 
o-toIylethyl)carbamoyl]-399-diazabi(^do[3J.l]non-6^ne-9-carboxylic acid 
2,2,2-triehloro-l,l-dunethylethyl ester hydrochloride salt (AL84) 

5 As for compound ALl but fix)in bicyclononene AK84 (0.27 nunol) in CH2CI2 (5 
noL) and HCl/dioxane (4M, 5 mL). 

{rac.y{lM*, 5iS'*)-7-{4-[2-(4-Bromophenoxy)ethoxylphenyl}-'6-[cyclopropyl- 
(3,S-dimethoxybenzyl)carbamoyl]-3,9-diazabicyclo[3.3.1]non-6-ene-9- 
10 carboxylic acid 2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt 
(AL85) 

As for compound ALl but from bicyclononene AK85 (025 mmol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt= 4.76; ES+: 850.40. 

15 

{rac.y{lR *, 5*S*)-7-{4-[2-(4-Bromophenoxy)ethoxylphenyl}-6-[cyclopropyl-(2- 
p-tolylethyI)carbamoyl]-3,9-diazabicyclo[3.3.1]non-6-ene-9-carboxyllc acid 
2,2,2-trichloro-l,l-dimethylethyl ester hydrochloride salt (AL86) 

20 As for compound ALl but from bicyclononene AK86 (0.27 mmol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt= 4.99; ES+: 820.78. 

{raayilR *, 5S'*)-7-{4-(2-(4-Bromophenoxy)ethoxylphenyl}-6-{cyclopropyl-I2- 
(2-hydroxyethyl)beiizyl]carbamoyl}-3^-diazabicyclo[3.3.1]noii-6-ene-9- 
25 carboxylic acid 292,2-trichloro-l,l-dimetfaylethyl ester hydrochloride salt 
(AL87) 

As for compound ALl but from bicyclononene AK87 (0.18 nunol) in CH2CI2 (5 
mL) and HCl/dioxane (4M, 5 mL). LC-MS: Rt= 4.58; ES+: 834.43. 

30 

{rac.y(lR% 55'*)-7-Hydroxy-9-methyl-3,9-diazabicyclo[3.3.11non-6-ene-3,6- 
dicarboxylic acid 6-beii2yl ester 3-ter^butyl ester (AM) 
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Ti(0Et)4 (2.92 mL, 13.9 nunol) was added to a sol. of bicyclononane A (13.0 g, 
39.8 mmol) in benzyl alcohol (90 mL). The niixture was heated to 125 °C and 
stirred at this temperature for 28 h. The mixture was allowed to cool to rt and aq. 
5 10% HCl (180 mL) was added. The mixture was extracted with EtzO (3x). The 
combined org. extracts were washed with aq. NaHCOa (2x), with brine (Ix). The 
org. extracts were then dried over MgS04, filtered, and the solvents were removed 
JBrst under reduced pressure, then xmder high vacuum. Purification of the residue 
by FC (EtOAc/heptane 1:1 -> 3:1 EtOAc) yielded the title compound (9.90 g, 
10 64%). LC-MS: Rt = 1.39; ES+: 389.25. 

{rac.y{lR *, 5iS*)-9-Methyl-7-trifluoromefhanesiilfonyloxy-3,9-*dia^ 
[3.3.1]non-6-ene-3,6-dicarboxylic add 6-beiizyl ester 3-reif-butyl ester (AN) 

15 NaH (55% in oil, 2,20 g, 50.5 mmol) was added to a sol. of bicyclononane AM 
(15.69 g, 40.4 mmol) in THF (290 mL) at O^C. After 15 min. Tf2NPh (19.2 g, 
53.7 mmol) was added and the mixture was stirred overnight while wanning up to 
rt. Ice was added and the mixture was diluted with EtOAc, and washed with aq. 
10% NaaCOa. The org. extracts were dried over MgS04, filtered, and the solvents 

20 were removed under reduced pressure. Purification of the residue by FC 
(EtOAc/heptane 1:1 -> 3:1) yielded the title compound (17.1 g, 81%). Rf = 
0.15 (EtOAc/heptane 1:1). LC-MS: = 5.62; ES+: 521.37. 

Compounds of type AO 

25 

(rac.y(lR^, 5»S*)-7-{4-(3-(ter^-Butyldlmefliylsllanyloxy)propyl]phenyl}-9- 
methyl-3,9-diazabicyclo[3.3.1]non-6-ene-3,6-dicarboxylic acid 6-benzyl ester 
3-tei^-butyl ester (AOl) 

30 BuLi (1.5M in hexane, 3.81 mL, 5.71 mmol) was added to a sol. of [3-(4- 
bromophenyl)propoxy]-/er/-butyldimethylsilane (Kiesewetter D. O., Tetrahedron 
Asytnmetry, 1993, 4, 2183, 1.88 g, 5.71 imnol) in THF (33 mL) at -78 °C. After 
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30 min ZnCk (IM in THF, 6,97 mL, 6,97 mmol, prepared as descaibed for 
compound Gl) was added and fhe mixture was allowed to warm up to rt. 
Bicyclononene AN (1 .65 g, 3.17 mmol) and Pd(PPh3)4 (92 mg, 0.080 mmol) were 
added. The mixture was heated to 40 **C and stirred at this temparature for 30 
5 min. The mixture was allowed to cool to rt and aq. IM HCl (1 mL) was added. 
The mixture was diluted with EtOAc and washed with aq. IM NaOH (Ix). The 
org. extracts were dried over MgS04, filtered, and the solvents were removed 
under reduced pressure. Purification of the residue by FC (MeOH/CHaCh 1 :49 -> 
3:97 2:48 5:95) yielded the title compound (1.78 g, 90%). LC-MS: Rt = 
10 5.55; ES+: 681.30. 

(racy{lR% 5,y*)-9-Methyl-7-{4-[2-(2A5-trimethylphenoxy)ethyl]phenyl}^^ 
diazabicyclo[3.3.1]iioii-6-ene-3,6-dicarboxyUc acid 6-beiizyI ester 3-lerr-butyI 
ester (A02) 

15 

BuLi (L6M in hexane, 19.40 mL, 31.0 mmol) was added to a sol. of compound 
C2 (9.90 g, 31.0 mmol) in THF (100 mL) at ^78 ^C. After 30 min ZnCb (0.83M 
in THF, 43.8 mL, 37.2 mmol, prepared as described for compound Gl) was added 
and the mixture was allowed to warm up to rt. Bicyclononene AN (9.90 g, 19.0 

20 mmol) and Pd(PPh3)4 (550 mg, 0.475 mmol) were added. The mixture was heated 
to reflux for 1 h. The mixture was allowed to cool to rt and aq. IM HCl (1 mL) 
was added. The mixture was diluted with EtOAc and washed witii aq. IM NaOH 
(Ix). The org. extracts were dried over MgS04, filtered, and the solvents were 
removed under reduced pressure. Purification of the residue by FC 

25 (MeOH/CH2Cl2 1 :49 3:97 2:48 ^ 5:95) yielded the title compound (6.20 g, 
54%). LC-MS: Rt = 5.10; ES+: 611.59. 

Compounds of type AP 

30 {racyilR\ 5iS*0-7-{4-I3Kte/t-Butyldimethylsflanyloxy)propyI]phenyl}.3,9^ 
diazabicycIo[3.3.1]non-6-ene-3,64)-tricarboxylic acid 6-benzyl ester S-tert" 
butyl ester 9-(2^,2-trichloro-l,l-dimethylethyl) ester (API) 
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A sol of bicyclononene AOl (1.78 g, 2.87 mmol) and 2,2,2-trichloro-tert-butyl 
chlorofonnate (3.44 g, 14.4 mmol) in CH2CICH2CI (35 mL) was heated to reflux 
for 2 h. The mixture was allowed to cool to rt and the solvents were removed 
5 under reduced pressure. Purification of the residue by FC (EtOAc/heptane 1 :8 
1:1) yielded the title compound (1.88 g, 81%). LC-MS: Rt = 8.34. 

irac.HlR% 5iS'*)-7-{4-[2-(2,3,5-Trimethylphenoxy)ethyl]phenyl}-3,9-dia2a- 
bicyclo[3.3.11non-6-ene-396,9-tricarboxyIic acid 6*benzyl ester S-tert-hutyl 
1 0 ester 9-(2^,2-tricliloro-l,l-dimethylethy]^ ester (AP2) 

As for compound API but from bicyclononene A02 (22.4 g, 36.7 mmol) and 
2,2,2-trichloro-ter/-butyl chlorofomiate (44 g, 184 mmol) in CH2CICH2CI (400 
mL). Purification of the residue by FC (EtOAc/heptane 1:8 1:1) yielded the 
15 title compound (19.2 g, 65%). LC-MS: Rt 7.95. 

(racyilR% 55'*)-3-Acetyl-7-[4-(3-hydroxypropyl)phenyll-3,9-diazabicyclo- 
[3.3.1]no]i-6-eiie-6,9-dicarboxylic acid 6-beiizyI ester 9-(2,2,2-trichloro-l,l- 
20 dimefliylethyl) ester (AQ) 

HCl/dioxane (4M, 20 mL) was added to a sol. of bicyclononene API (1.88 g, 2.32 
mmol) in CH2CI2 (20 mL) was cooled to 0 ^C. The ice bath was removed and the 
mixture was stirred for 3 h at rt. The solvents were removed under reduced 

25 pressure and the residue was dried under high vacuum. This residue was then 
dissolved in THF (30 mL) and the sol. was cooled to -78 °C. DMAP (cat. 
amount), DIPEA (1.60 mL, 9.28 mmol) and AcCl (0.165 mL, 2.32 mmol) were 
added. The nwxture was stirred for 15 min at -78 ®C and MeOH(10 mL) was 
added. The mixture was allowed to warm up to rt, was dissolved in EtOAc and 

30 washed with aq. IM HCl (Ix) and aq. sat. NaHCOa (Ix). The org. Extracts were 
dried over MgS04, filtered, and the solvents were removed under reduced 
pressure. Purification of the residue by FC (EtOAc/heptane 1...4 -> 1:1 -> 
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EtOAc -> MeOH/EtOAc 1:9) yielded the title compound (936 mg, 63%). LC- 
MS:Rt = 5.47;ES+: 637.06. 

Compounds of type AR 

5 

(racy(lR% 5*S*>-3-AcetyI.7-{4-[3-(2^,6-trifluorophenoxy)propyl]phenyl}-3,9- 
diazabicycIo[33.1]iio]i-6*ene-699-dicarboxylic acid 6-beiizyl ester 9-(2^,2- 
tridUoro-l,l-dimethylethyl) ester (ARl) 

10 A mixture of bicyclononene AQ (468 mg, 0.73 mmol), 2,3,6-trifluorophenol (216 
mg, 1.46 mmol), azodicarboxylic dipiperidide (277 mg, 1.10 mmol) and tributyl 
phosphine (0.541 mL, 2.19 mmol) in toluene (15 mL) was heated to reflux for 20 
h. The mixture was allowed to cool to rt and the solvents were removed under 
reduced pressure. Purification of the residue by FC (EtOAc/heptane 1 :49 -> 1 :19 

15 -> 1:9) yielded the title compound (297 mg, 53%). LC-MS: Rt = 6,87; ES+: 
767.04. 

{rac.yilR% 5iS'*)-3-Acetyl-7-{4-[3-(2-bromo-5-fluorophenoxy)propyl]phenyl}- 
3^-diazabicyclo[33.1]non-6-ene-699-dicarboxylic acid 6-benzyl ester 9-(2,252- 
20 trichloro-l,l-dimethyIethyI) ester (AR2) 

As for the bicyclononene ARl, but from bicyclononene AQl (468 mg, 0.73 
mmol), 2-bromo-5-fluorophenol (0.163 mL, 1.46 mmol), azodicarboxylic 
dipiperidide (277 mg, 1.10 mmol) and tributyl phosphine (0.541 mL, 2.19 mmol) 
25 in toluene (15 mL). Purification of the residue by FC (EtO Ac/heptane 1:49 
1:19 1:9) yielded the title compound (205 mg, 35%), LC-MS: Rt = 7.06. 

(rflcO-(JiZ*, 5iS*)-3-Acetyl-6-[(2-allylben2yl)cyclopropylcarbamoyll-7-{4-(3-(2- 
brorao-5-fluorophenoxy)propyl]phenyI}-3,9-diazabicydo[3.3.1]non-6-ene-9- 
30 carboxylic acid 2^,2-trichloro-l,l-dimethyletliyl ester (AS) 
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A mixture of bicyclononene AJ4 (225 mg, 0.300 mmol), (2-allylben2yl)- 
cyclopropylainine (168 mg, 0.900 mmol), DffEA (0.300 mL, 1.80 mmol), DMAP 
(10 mg, 0.082 mmol), HOBt (41 mg, 0.300 mmol) and EDC.HC1 (86 mg, 0.450 
mmol) in CH2CI2 (3 mL) was stirred for 2 days. EDC.HC1 (29 mg, 0.150 mmol) 
5 was added again after 24 h and 30 h. The mixture was diluted with CH2CI2 and 
washed with aq. IM HCl (Ix). The org. extracts were dried over MgS04, filtered, 
and the solvents were removed under reduced pressure. Purification of the residue 
by FC (EtOAc/heptane 1 :4 -> 3:7 2:3 -> 1:1 -> 3:2 -> 7:3 4:1) yielded the 
title compound (185 mg, 67%). Rf=0.63 (EtOAc). LC-MS: Ri = 7.40. 

10 

la-Mixture of irac.)-(lR*f 55''^-3-acetyl-7-{4-[3-(2-bromo-5-fluorophenoxy)- 
propyl]phenyI}-6-{cydopropyl-(2-((2il*)-2,3-dOiyclroxypropyI)beiizyll- 
carbamoyl}-3,9-diazabicyclo(33.1]non-6-ene-9-carboxyIic acid 2,2^ 
trichloro-14-dimethylethyl ester and {racy(lR*y 55*)-3-acetyl-7-{4-[3-(2- 
15 bromo-5-fluorophenoxy)propylIphenyI}-6-{cydopropyl-[2-((2.S*)-2^- 
dihydroxypropyl)ben2ylJcarbamoyl}-3,9-diazabicyclo[33.11non-6-ene-9- 
carboxylic acid 2,2,2-trichIoro-l,l-dimetliylethyl ester (AT) 

A mixture of bicyclononene AS (281 mg, 0.316 mmol), NMO H2O (44.8 mg, 
20 0.332 mmol), and OSO4 (2.5% in tert-BuOH, 0.0396 mL, 0.003 16 mmol) in THF 
(4 mL), tert-BuOH. (2 mL) and water (1 mL) was stirred ovemi^t. NMO H2O 
(10 mg, 0.074 mmol) and OSO4 (0.010 mL, 0.008 mmol) were added again and 
the mixture was stirred again for 3 h. Hie solvaits were removed under reduced 
pressure, and the residue was diluted witti EtOAc, washed with aq. IM HCl (Ix), 
25 and with aq. sat. NaHC03 (Ix). The org. extracts were dried over MgS04, 
filtered, and the solvents were removed under reduced pressure. Purification of 
the residue by FC (BtOAc/heptane 1:4 2:3 3:2 -> 4:1 ^ EtOAc 
MeOH/EtOAc 1:9) yielded the title compounds (207 mg, 71%). Rf = 0.20 
(EtOAc). LC-MS: Rt = 6.23; ES+: 922.59. 

30 
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(rac)-(li?*, 5iy*)-3-AcetyI-7-{4-[3-(2-bromo-5-fluorophenoxy)propylJphenyl}- 
6-{cyclopropyl-[2-(2-oxoethyl)beiizyl]carbamoyl}-3^-diazabicydo[33 
^ene-9-carboxyIic acid 2,2,2-tricIiloro-l,l-dimetfaylef}iyl ester (AU) 

5 A mixture of bicyclononenes AT (167 mg, 0.1 81 mmol) and NaI04 (40 mg, 0.187 
mmol) in THF (3 mL) and water (1 mL) was stirred at rt for 1 h. NaI04 (20 mg, 
0.01 mmol) was added again and the mixture was stirred for 3 h. The mixture was 
diluted with EtOAc and washed with aq. sat. NaHCOs (Ix). The org. extracts 
were dried over MgS04, filtered, and the solvents were removed under reduced 
10 pressure. The residue was dried under high vacuum and the title compound (156 
mg, 97%) was used without further purification. LC-MS: Rt = 6.87; ES-I-: 891.78. 

(raa)-(ijR*, 55*)-3-Acetyl-7-{4-[3-(2-bromo-S-fluorophenoxy)propyl]phenyl}- 
6-{cycIopropyl-(2-(2-hydroxyethyl)benzyllcarbamoyl}-3,9- 
15 diazabicyclo[33.1]-iioii-6-ene-9-carboxylic add 2,2^trichIoro-l,l- 
dimethylethyl ester (AV) 

A mixture of bicyclononene AU (44.6 mg, 0.05 mmol) and NaBH4 (about 2 mg, 
about 0.05 nraiol) in MeOH (1 mL) was stirted at rt for 90 min. The mixture was 
20 diluted with EtOAc and washed with aq. IM HCl (Ix). The org, extracts were 
dried over MgS04, filtered and the solvents were removed under reduced 
pressure. The residue was used without fijrfher purification. 

Compounds of type AW 

25 

(raay-i^lt^ 55'*)-7-(4-(3-Hydroxypropyl)phenyIl-3^-diazabicycloI3.3.1]iion- 
6-eiie-3,6,9"tricarboxylic acid 3-r^rt-butyl ester 6-ethyl ester 9-(2,2,2- 
trichloro-l,l-dimethylethyl) ester (AWl) 

30 TBAF (28.8 g, 91.4 mmol) was added to a sol. of bicyclononene H3 (45.6 g, 60.9 
mmol) in THF (900 mL) at 0 °C. After 20 min, the ice bath was removed. After 
stirring the mixture at rt for 5 h, it was diluted with EtOAc and washed with water 
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(2x). The org. extracts were dried over MgS04, filtered, and the solvents were 
removed \uider reduced pressure. Purification of the residue by FC 
(EtOAc/heptane 1:4 -> 1:1) yielded the title compound (27.6 g, 72%). Rf = 0.22 
(EtOAc/heptane 1:1). LC-MS: R, « 6.11; ES+: 655.23. 

5 

(rac)-(lR*, 5iS*>-7-I4-(2-Hydroxyethoxy)phenyll-3,9-diazabicyclo[3.3.11non- 
6-eiie-3,6,9-tricarboxylic acid 3-tert-butyl ester 6-ethyl ester 9-(2,2^- 
trichloro-l,l-dimethylethyl) ester (AW2) 

10 As for compound AWl but fmra bicyclononene H7 (44.4 g, 59.2 mmol) TBAF 
(28.0 g, 88.9 mmol) and THF (600 mL). Purification by FC (EtOAc/heptane 1:3 
-> 1:1 -» EtOAc) yielded the title conq)ound (23.67 g, 63%). Rf = 0.20 
(EtOAc/heptane 1 :1). LC-MS: Rt « 6.02; ES+: 635.36. 

1 5 Compounds of type AX 

(racyilR*, 55*>7-{4-l3-(2,3,6-Trifluorophenoxy)propyllphenyl}-3,9-diaza- 
bicycIo[3.3.1Inon-6-ene-3,6,9-tricarboxylic acid 3-ter/-butyl ester 6-ethyI ester 
9-(2^^trichloro-l,l-dimethylethyl) ester (AXl) 

20 

A mature of bicyclononene AWl (20.22 g, 32.0 mmol), 2,3,6-trifluorophenol 
(9.50 g, 64.0 mmol), azodicarbox^c dipiperidide (16.15 & 64.0 mmol) and 
tributyl phosphine (85%, 27.9 mL, 96.0 mmol) in toluene (800 ml) was heated to 
reflux for 2 h. The mixture was allowed to cool to rt and the solvent removed 
25 under reduced pressure. Purification of the residue was purified by FC 
(EtOAc/heptane 1:19 -» 1:9 1:4) yielded the title compound (21.7 g, 89%). Rf 
= 0.60 (EtOAc/heptane 1:1). LC-MS: Rt = 1.25; ES+: 765.22. 



(racHlR*, J5'*)-7-{4-[3-(2-Bromo-5-nuorophenoxy)propyl]phenyl}-3,9- 
30 diaza-bicyclo[3.3.1]non-6-ene-3,6,9-tricarb03^1ic acid 3-ter^butyl ester 6- 
etfayl ester 9-(2,2>trichloro-l,l-dimethylethyI) ester (AXl) 
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As for AXl, but from bicyclononene AWl (27.63 g, 43.6 inmol), 2-bromo-5- 
fluorophenol (9.70 mL, 87.2 mmol), azodicarboxjdic dipiperidide (22.0 g, 87.2 
mmol), tributyl phosphine (32.2 mL, 131 mmol), and toluene (550 ml). 
Purification of the residue by FC (EtOAc/heptane 1:19 1:9 1:4) yielded the 
5 title compound (31.67 g, 90%). Rf= 0.60 (EtOAc/heptane 1:1). LC-MS: Rt = 
7.63. 

{rac.y{lR\ 5iS*)-7-{4-[2"(2-Chloro-4,5-dimethylphenoxy)ethoxy]phenyl}-3,9- 
diazabicyclo[3.3.1]non-6-ene-3,6^-tricarboxylic acid 3-rer^butyl ester 6-ethyl 
1 0 ester 9-(2^^-tridiloro-l,l-dimethylethyl) ester (AX3) 

As for AXl, but from bicyclononene AW2 (11.83 g, 18.6 mmol), 2-chloro-4,5- 
dimethylphenol (5.83 mL, 37.2 mmol), azodicarboxylic dipiperidide (9,39 g, 37.2 
mmol), tributyl phosphine (85%, 16.2 mL, 55.8 nwnol), and toluene (300 ml). 
15 Purification of the residue by FC (EtOAc/heptane 1:19 1:9 1:3 1:1) 
yielded the title compound (13.35 g, 93%). Rf= 0.50 (EtOAc/heptane 1:1). LC- 
MS:Rt-7.60. 

(rac.)-(ijR* 55*)-7-{4-[2-(4-Bromophenoxy)ethoxy]phenyl}-3,9-diazabicyclo- 
20 [3.3.1]non-6-ene-6^-dicarboxylic add 6-ethyl ester 9-(2,2,2-trichloro-l,l- 
dimethylefhyl) ester (AX4) 

As for AXl, but from bicyclononene AW2 (11.83 g, 18.6 mmol), 4-bromophenol 
(6.43 mL, 37.2 mmol), azodicarboxylic dipiperidide (9.39 g, 37.2 mmol), tributyl 
25 phosphine (85%, 16.2 mL, 55.8 mmol), and toluene (300 ml). Purification of the 
residue by FC (EtOAc/heptane 1:19 1:9 1:3 -> 1:1) yielded the title 
compound (13.6 g, 92%). Rf= 0.50 (EtOAc/heptane 1:1). LC-MS: Rt = 7.49. 



Compounds of type AY 
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irac)-(lR*, 5.S*)-7-{4-[3-(2A6-TrifIuorophenoxy)propyl]phenyl}-3,9-dia2a- 
bicycloI3.3.11noii-6-ene-3,6^-tricarboxylic acid 3-tert-butyI ester 9-(2^,2- 
trichloro-l^l-dimethylethyl) ester (AYl) 

5 A mixture of bicyclononene AXl (1 5.76 g, 20.7 mmol) in EtOH (600 mL) and aq. 
IM NaOH (600 mL) was stirred for 7 h at 80 "C. The mixture was allowed to 
cool to rt and the solvents were partially removed under reduced pressure. The 
residue was diluted with EtOAc and aq. IM HCl was added to pH 1 - 2. The 
phases were shaken, separated and the aq. phase was extracted with EtOAc (2x). 

10 The combined org. extracts were dried over MgS04, filtered, and the solvents 
were removed under reduced pressure. Purification of the residue by PC 
(EtOAc/heptane 1:4 -> 1:2 -> 1:1) yielded the title compound (12.15 g, 80%). 
LC-MS: Rt= 1.16; ES+: 737.21. 

15 (racy{lR*i 55*)-7-{4-(3-(2-Bromo-S-fluorophenoxy)propyllphenyI}-3,9- 
diaza-bicyclo[33.1Jnoii-6-ene-3,6,9-tricarboxyUc acid 3-tert-butyl ester 9- 
(2^>trichloro-l,l-dimethyiethyl) ester (AY2) 

As for compound AYl, but from bicyclononene AX2 (29.67 g, 36.8 mmol), EtOH 
20 (700 mL) and aq. IM NaOH (700 mL). Purification by FC (EtOAc/heptane 1:1 
-> EtOAc -» MeOH/EtOAc 1 :9) yielded the title compound 26.67 g (94%). LC- 
MS: Rt = 6.89; ES+: 749.92. 

iracy{lR\ 5.S'*)-7-{4-[2-(2^^-Trimethyiphenoxy)ethyllplienyl}-3^-diaza- 
25 bicycloI3.3.1]non-6-ene-3,6^tricarboxyUc acid 3-tert-butyl ester 9-(2,2,2- 
tridiloiYHia-dimethylethyl) ester (AY3) 

Under N2 Pd/C (10%, 1.92 g) was added to a sol. of bicyclononene AP2 (19.2 g, 
24.0 mmol) in MeOH (390 mL) cooled to 0 °C. The mixture was purged with H2 
30 (4x) and stirred at 0 °C under H2 for 7 h. The mixture was filtered through Celite, 
diluted with EtOAc and washed with aq. IM HCl (Ix). The org. extracts were 
dried over MgS04, filtered, and the solvents were removed under reduced 
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pressure. Purification by FC (EtOAc/heptane 1:3 -> 1:1 -> EtOAc -> 
MeOH/EtOAc 1:9) yielded the titie compound (4.26 g, 25%). LC-MS: Rt = 7.10. 

{rac.y(lR*, 5.S*)-7-{4-(2-(2-Ghloro-4,5-dimethylphenoxy)ethoxylphenyl}-3,9- 
5 diazabicyclo[3.3.1]non-6-ene-3,6,9-tricarboxyIic acid 3-tert-butyl ester 9- 
(2^^-trichloro-l,l-dunethylethyl) ester (AY4) 

As for compound AYl, but from bicyclononene AX3 (13.35 g, 17.2 mmol), EtOH 
(670 mL) and aq. IM NaOH (670 mL). Purification by FC (EtOAc/heptane 1:1 
10 -» EtOAc -> MeOH/EtOAc 1 :9) yielded the title compound 12.3 g (96%). Rf = 
0.75 (EtOAc). LC-MS: Rt = 6.94. 

{racy{lR\ 55'*)-7-{4-[2-(4-Bromophenoxy)etiioxylphenyl}-3,9-diazabicyclo- 
[3.3.1]noii-6-ene-6,9-dicarboxyIic acid 9-(2^,2-trichloro-l,l-dimethyiethyl) 
IS ester (AYS) 

As for compound AYl, but from bicyclononene AX4 (13.6 g, 17.2 mmol), EtOH 
(680 mL) and aq. IM NaOH (680 mL). Purification by FC (EtOAc/heptane 1:1 
-> EtOAc MeOH/EtOAc 1:9) yielded the title compound 12.2 g (93%). Rf = 
20 0.75 (EtOAc). LC-MS: Rt = 6.75. 

Compounds of type AZ 

(ra&)-(lJf*, 55'*)-3-Acetyl-7-[4-(3-IiydroxypropyOphenyll-3^-diazabicycIo- 
25 [33.1]noii-6-ene-6^dicarboxyUc acid 9-(2,2,2-trichloro-l,l-dimethylethyl) 
ester (AZl) 

A mixture of bicyclononene S5 (3.23 g, 5.60 mmol) in EtOH (50 mL) and aq. IM 
NaOH (50 mL) was stirred at 80 "C for 5 h. The mixture was allowed to cool to rt 
30 and diluted with EtOAc. The mixture was brought to pH 2 widi aq. IM HCl and 
extracted wifli EtOAc (3x). The combined org. exfracts were dried over MgS04, 
filtered, and the solvents were removed under reduced pressure. Purification by 
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FC (MeOH/CH2Cl2 1:19 ~> 1:9 1:4) yielded the title compound (1.40 g, 46%). 
LC-MS: = 0,89; ES+: 547.28. 

(rac)-(J** 5*S*)-7.[4.(2-Hydroxyethyl)phenyl]-3,9-diazabicyclo[3.3,llnon.6- 
5 ene-3,6,9-tricarboxylic acid S-tert-hutyl ester 9-(2,2,2-tricIiloro-l,l-diinethyl- 
ethyl) ester (AZ2) 

As for compound AZl but from bicyclononene H8 (4.96 g), EtOH (150 mL) and 
aq. IM NaOH (150 mL). The crade material was used further without 
10 purification. 

Compounds of type BA 

(rac.y(lR*, 55'*)-3-Acetyl-7-{4-[3-(^ert-butyldimethylsilanyloxy)propyl]- 
15 phenyl}-6-[(2-chloroben2yl)cyclopropylcarbamoyl]-3,9-diazabicyclo(3.3.11- 
noii-6-ene-9-carboxylic acid 2,2,2-trichloro-l,l-dimethylethyl ester (BAl) 

A mixture of bicyclononene T4 (1.85 g, 2.79 mmol), (2-chlorobenzyl)- 
cyclopiopylamine (1.52 g, 8.37 mmol), DMAP (85 mg, 0.70 mmol), DIPEA (1.91 

20 mL, 1 1.2 mmol), HOBt (377 mg, 2.79 mmol) and EDOHCl (803 mg, 4.19 mmol) 
in CH2CI2 (50 mL) was stirred at rt for 18 h. The mixture was diluted with more 
CH2CI2 and washed with aq. IM HCl (Ix) and aq. sat. NaHCOs (Ix). The org. 
extracts were dried over MgS04, filtered, and the solvents were removed under 
reduced pressure. Purification of the residue by FC (EtOAc/heptane 1 :4 1 :3 

25 1:2 1:1) yielded the title compound (1.16 g, 50%). LC-MS: Rt = 1.37. 

(rac.yilR% 55*)-7-{4-[2-(/^rr-Butyldiphenylsilanyloxy)ethyl]phenyl}-6-[(2- 
chlorobcnzyI)cyclopropylcarbamoyl]-3,9-diazabicyclo[3.3.1]non-6-ene-3,9- 
dicarboxylie acid S-tert-hutyl ester 9-(2,2^-trichloro-l,l-dimethylethyl) ester 
' 30 (BA2) 
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As for compound BAl, bur fiiom bicyclononene TS (crude, about 5.79 mmol), (2- 
chlrobenzyl)cyclopropylaiiune (3.10 g, 17.1 mmol), DffEA (3.9 mL, 22.8 mmol), 
DMAP (140 mg, 1.14 mmol), HOBt (770 mg, 5.70 namol), and EDC-HCl (1.64 g, 
8.55 mmol), in CH2CI2 (50 niL). Purification of the residue by FC 
5 (EtOAc/heptane 1:8 1:4) yielded the title compound 3.35 g (58%). Rf = 0.55 
(EtOAc/heptane 2:3). LC-MS: R, = 1 .40. 

(raft)-(Jil*,5J*>-3-Acetyl-7-{4-[2-(tert-butyldiphenylsilanyloxy)ethyI]pheiiyl}- 
6-[(2-chlorobenzyI)cyclopropylcarbamoyl]-3,9-cliazabicyclo[3J.l]non-6-ene- 
10 9-carboxylic acid 2^^-tridaoro-l,l-dimefliylethyl ester (BA3) 

As for compound SI, from BA2 (1.45 g, 1.45 mmol), CaH2Cl2 (10 mL), 4M 
HCydioxane (10 mL), THF (20 mL), without DMAP, DIPEA (4.62 mL, 27.0 
mmol), acetyl chloride (0.903 mL,9.55 mmol), and MeOH (5 mL). Purification 

15 of the residue by FC (ErOAc/heptane 1 : 1 EtOAc -> MeOH/EtOAc 1 :9) led to 
the title compound (1.34 g, 75%). Rf = 0.30 (EtOAc/heptane 1:1). LC-MS: Rt = 
1.39. 

Compounds of type BB 

20 

{racYilR *, 5iy*)-3-Acelyl-6-I(2-chloi'obeii2yI)cyclop«'opylcarbamoyl]-7-[4-(3- 
hydroxypropyl)phenyl]-3,9-diazabicycIo[3.3.1]iioii-6-ene-9-carboxylic add 
2;2,2-trichloro-l,l-dimethylethyl ester (BBl) 

25 A mixture of bicyclononene BAl (1.16 g, 1.40 mmol) and TBAF (884 mg, 2.80 
mmol) in THF (1 0 mL) was stirred at rt for 90 min. The mixture was diluted with 
EtOAc and washed with water (2x) and brine (Ix). The org. extracts were dried 
over MgS04, filt^ed, and the solvents were removed under reduced pressure. 
Purification by FC (MeOH/CH2Cl2 1:49 -> 1:9) yielded the titie compound (990 

30 mg, 98%). Rf = 0.47 (MeOH/CH2Cl2 1:9). LC-MS: R,= 1.11. 
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(rac.y(lR*, 5i$'*)-3-Acetyl-6.[(2-cWorobeii2yl)cydopropykarbamoyI]-^^ 
hydroxyethyl)phenyl]-3,9-dia2abicycloI33-llnon-6-ene-9-carboxyIic acid 
2,2,2-trichloro-l,l-dimethylethyl ester (BB2) 

5 As for compoxmd BBl, but from BA3 (L99 g, 2.21 mmol), TBAF (IM in THF, 
4.5 mL, 4.5 mmol) in THF (15 mL). Purification by FC (EtOAc/heptane 1:5 
1:1 EtOAc) yielded the title compound (1.00 g, 68%). Rf = 0.38 
(EtOAc/heptane 1:1). LC-MS: Rt= 1.09; ES+: 698.02. 

10 (racyilR^ 5iS*)-6-[(2-CWorobeiizyI)cyclopropylcarbamoyl]-7-{4-[3.(2,3,^ 
trifluorophenoxy)propyllphenyl}-3,9-diazabicyclo[3.3Jlnon-6-ene-3- 
carboxylic acid tert-hntyl ester (BC) 

Zn (L63 g, 24.9 mmol) was added to a sol. of bicyclononene AK2 (2,25 g, 2.50 
15 mmol) in THF (30 mL) and AcOH (10 mL) under efficient stirring. The mixture 
was stirred efficiently for 2.5 h, then filtered and washedwith THF. The filtrate 
was diluted with EtOAc and washed with aq. IM NaHO (2x). The org. extracts 
were dried over MgS04, and filtered. Evaporating the solvents under reduced 
pressure yielded the title compound that was used without fiirther purification. 

20 

(ijR, 5iS)-9-Methyl-7-trifluoromethanesulfonyIoxy-3,9-diazabicyclo[3.3.11non- 
6-eiie-3,6-dicarboxyUc acid 6-beiizyl ester 3-te#f-butyl ester (BD) 

A sol. of bicyclononene AG (1.13 g; 2.91 mmol) in THF (8 ml) was added to a 
25 suspension of NaH (ca 60%, 175 mg; 4.36 nunol) in THF (2 ml) at O^C. After 30 
min Tf2NPh (1.56 g; 4.36 nmiol) was added and the nodxture was stirred at rt for 
12 h. Ice (5 g) was added and THF was evaporated. The aq. residue was extracted 
with EtOAc (3x). The combine org. extracts were dried over MgS04, filtered, and 
the solvents were removed under reduced pressure. Puriciation of the residue by 
30 FC (EtOAc/cyclohexane 1:1 -> EtOAc) yielded the title compound (1.28 g, 84%). 
Rf= 0.53 (EtOAc). 
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ilRy 5iS)-7-{4-(3-(lfeit-ButyldimethyIsaanyloxy)propyI]phenyl}-9^^ 
diazabicyclo[3.3.1]iion-6-ene-3,6-dicarboxylic acid 6-beii2yl ester S-tert-hutyl 
ester (BE) 

5 BuLi (1.6 M in hexane, 3.82 mL, 5.98 iiunol) was added to a sol. of [3-(4- 
bromophenyl)propoxy]-^er^butyldimethylsilane (Kiesewetter D. O., Tetrahedron 
Asymmetry, 1993, 4, 2183; 1.97 g; 5.98 minol) in THF (4ml) at -78^0. After 30 
min, ZnCb (IM in THF, 7.2 ml; 7.2 mmol) was added and the mixture was alloed 
to warm up to rt. A sol. of bicyclononene BD (1.24 g: 2.39 mmol) in THF (7 ml) 

10 and Pd(PPh3)4 (69 mg; 0.060 mmol) were added after each other and the mixture 
was heated to 40**C for 35 min. The reaction mixture was allowed to cool to rt, 
sat solution of NH4CI was added, and the mixture was extracted with EtOAc (3x). 
The combined org, extracts were dried over MgS04,filtered, and the solvents were 
removed under reduced pressure. Purification of the residue by FC 

15 (EtOAc/cyclohexane 1 :1 EtOAc) yielded the title compound (1.22 g, 82%). Rf 
= 0.27 (EtOAc). LC-MS: Rt = 5.68; ES+ = 621.30. 

(IRj 55)-7-{4-I3-(fer^ButyldimethylsiIanyloxy)propyl]phenyl}-3,9-diaza- 
bicycIo[3.3.11non-6-ene-3,6,9-tricarboxylic acid 6-benzyl ester 3-^^i^-butyl 
20 ester 9-(2,2^-trichloro-l,l-dimethylethyl) ester (BF) 

A mixture of bicyclononene BE (1.66 g, 2.67 mmol) and p,p,P-trichloro-tert-butyl 
chloroformate (13.4 g, 240 mmol) in 1,2-dichloroethane (10 ml) was heated to 
reflux for 4 h. The mixture was allowed to cool to rt and the solvents were 
25 removed under reduced pressure. Purification of the residue by FC 
EtOAc/cyclohexane 1:4) yielded the title compound (L75 g, 83%). Rf = 0.43 
(EtOAc/cyclohexanel:4). LC-MS: Rt= 8.30. 



(IjR, 55)-7-l4-(3-Hydroxypropyl)phenyll-359-diazabicyclo[3.3.1]non-6-ene- 
30 3,6,9-tricarboxyIic acid 6-benzyl ester 3-tert-hnty\ ester 9-(2,2,2-trichIoro-l,l- 
dimethylethyl) ester (BH) 
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A sol. of bicyclononene BF (1.59 g, 1.96 mmol) in CH2CI2 (3 ml) was cooled to 
0*^C and HCl/dioxane (4M, 10 ml) was added. The mixture was stirred for 2 h at 
O^^C and subsequently for 3 h at rt. After the solvents were removed under 
reduced pressure the crude was dried under high vacuum. The cresidue was 
5 dissolved in THF (5 ml). DMAP (12 mg, 0.098 mmol) and DIPEA (1.34 ml; 
7.849 mmol) were added and the mixture was cooled to -78 °C. AcCl (0.1 53 ml; 
2.16 mmol) was added and reaction mixture was stirred at -78 °C for 30 min. 
After addition of MeOH (1 ml) and warming-up to rt, aq. HCl (IM, 10 ml) was 
added and reaction mixture was extracted with EtOAc (3x). The combined org. 
10 extracts were washed with aq. sat NaHCOa (Ix), and the org. extracts were dried 
over MgS04, filtered, and the solvents were removed under reduced pressure. 
Purification of the residue by FC EtOAc/cydohexane 1:3 1:1) yielded flie title 
compound (280 mg, 22%). Rf = 0.38 (EtOAc). LC-MS: Rt = 5.43; ES+ = 637.17. 

15 {IR, 5iS)-7-[4-(3-Hydroxypropyl)phenyl]-3,9-cIiazabicyclo[3,3,lInon-6-ene- 
356,9-tricarboxylic acid 3-tert-bntyl ester 9-(2^,2-trichloro-l,l-dimethyl- 
ethyl) ester (BI) 

A mixture of bicyclononene BH (140 mg; 0.219 mmol) and Pd/C (10%, 25 mg) in 
20 MeOH (4 ml) was stitted at rt under H2 for 2 h. The mixture was filtered through 
Celite^ washed with MeOH, and the solvents were evaporated under reduced 
pressure. The crude product (110 mg) was directty used in the next reaction 
without purification. Rf= 0.15 (EtOAc). LC-MS: Rt = 4.41; ES- : 545.02. 

25 (iH, 5iS)-7-I4-(3-Hydroxypropyl)phenyll-6-(methylphenethyIcarbamoyl)-3,9- 
diazablcyclo[3.3.11non-6-ene-3,9-dicarboxyIic acid S-tert-hntyl ester 9-(2,2,2- 
trichloro-l,l-dimethylethyl) ester (BJ) 

A mixture of bicyclononene BI (95 mg; 0.17 mmol), phenethylmethylamine (0.48 
30 ml; 0.34 mmol); HOBt (6.0 mg, 0.042 mmol), EDC-HCl (49 mg; 0.255 mmol) and 
DMAP (5.0 mg; 0.042 mmol) in CHCI3 (6 ml) was stirred at rt for 14 h. Aq HCl 
(IM) was added and the mixture was extracted with CH2CI2 (3x). The org. phase 
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was washed with aq. sat. NaHCOa (Ix), the combined org. extracts were dried 
over MgS04, filtered, and the solvents were removed under reduced pressure. 
Purification of the residue by FC (EtOAc/cyclohexane 1:1 EtOAc) yielded the 
title compound (64 mg, 44%). Rf = 0.25 (EtOAc). LC-MS: Rt = 5.37; ES+: 
5 664.29. 

{IR, 55)-7-{4-[3-(2-Bromo-5-fluorophenoxy)propyllphenyl}-6-(methyl- 
phenethylcarbamoyl)-359-diazabicycIo[33.11non-6-ene-3,9-dicarboxylic acid 
3'tert'butyl ester 9-(2;2,2-trichIoro-l,l-dimethyl-ethyl) ester (BK) 

10 

A mixture of bicyclononene BJ (60 mg; 0.090 mmol), 2-bromo-5-fluorophenol 
(34 mg, 0.18 mmol), azodicarboxylic dipiperidide (34 mg; 0.135 mmol) and 
tributylphosphine (67 mg; 0.270 mmol) in toluene (2 ml) was heated to reflux for 
20 h. The solvent was removed under reduced pressure. Purification of the 
15 residue was by FC EtOAc/cyclohexane 2:1 4:1) yielded the title compound (58 
mg,76%). Rf= 0.60 (EtOAc). LC-MS: Rt = 7.01; ES+ = 836.07. 

{rac.y{lR% 55*)-3-Acetyl-7-{4-[3-(2-bromo-5-fluorophenoxy)- 
propyl]phenyI}-3,9-diazabicyclo[3J.l]non-6-ene-6,9-dicarboxylic acid 6-ethyl 
20 ester 9-(2,2,2-trichloro-l,l-dimethylethyl) ester (BL) 

HCl/dioxane (4M, 20 mL) was added to a sol. of bicyclononene AX2 (2.00 g, 2.47 
mmol) in CH2CI2 (20 mL) cooled to 0 °C. The ice bath removed and the mixture 
was stirred at rt for 2 h. The solvents were removed under reduced pressure and 

25 the foamy residue dried under high vacuum. A mixture of this residue, DMAP 
(15 mg, 0.123 namol) and DIPEA (1.69 mL, 9.88 mmol) in THF (40 mL) was 
cooled to -78 **C, and AcCl (0.186 mL, 2.47 mmol) was added. The mixture was 
stirred for 20 min at -78 °C and MeOH (5 mL) was added. The mixture was 
allowed to warm up to rt, was diluted with EtOAc and washed with aq. IM HCl 

30 (Ix). The org. extracts were dried over MgS04, filtered, and the solvents were 
removed under reduced pressure. Purification of the residue by FC 
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(EtOAc/heptane 1:4 1:1 EtOAc) yielded the title compound (1.55 g, 83%). 
Rf=0.50(EtOAc). 

Compounds of type BM 

5 

3-Acetyi-7-{4-[2-(2-bromo-5-fluoropheiioxy)ethoxy]plienyl}-3,9-dia2a- 
bicyclo[3.3.11non-6-ene-6,9-dicarboxylic acid 6-ethyl ester 9-(2,2^-tricWoro- 
1,1-djmetfayletfayl) ester (BM2) 

10 Tributylphosphine (3.84 mL, 15.6 mmol) was added to a sol. of bicyclononene S4 
(3.00 g, 5,19 mmol), 2-bromo-5-fluorophenol (1.15 mL, 10.4 mmol) and 
azodicarboxylic dipiperidide (1.97 g, 7.79 mmol) in toluene (30 mL). The 
mixture was heated to reflux for 2 h and allowed to cool to rt. The solvents were 
removed under reduced pressure. Purification by FC (EtOAc/heptane 1:1 -» 2:1 

15 3:1) yielded the title compound (2.70 g, 69%). 

3-AcetyI-7-{4-[2-(2-cliloro-4,5-dimethylphenoxy)ethoxylphenyl}-3,9-diaza- 
bicyclo(33.11iion-6-ene-6,9-dicarboxylic acid 6-etfayl ester 9-(2,2,2-tricliloro- 
1,1-djmethylethyI) ester (BM3) 

20 

As described for compound BM2, but from bicyclononene S4 (3.00 g, 5.19 
mmol), 2-chloro-4,5-dimethyIphenol (1.64 g, 10.5 mmol), azodicarboxylic 
dipiperidide (1.98 g, 7.86 mmol) , tributylphosphine (3.90 mL, 15,7 mmol) and 
toluene (50 mL). Purification by FC yielded the title compound (2.82 g, 75%). 

25 

3-Acetyl-7-{4-(2-(2,6-dichlorO"4-methylphenoxy)ethoxylphenyl}-3,9-diaza- 
bicyclo[3.3.1]non-6-ene-6,9-dicarboxylic acid 6-ethyl ester 9-(2,2,2-triciaoro- 
1,1-dimethylethyi) ester (BM4) 

30 As described for compound BM2, but from bicyclononene S4 (3.00 g, 5.19 
mmol), 2,6-dichloro-4-methylphenol (1.84 g, 10.38 mmol), azodicarboxylic 
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dipiperidide (1.97 g, 7.79 mmol) , tributylphosphine (3.84 mL, 15.6 mmol) and 
toluene (50 mL). Purification by FC yielded the title compound (2.76 g, 72%). 

3-Acetyl-7-{4-[2-(2,3-dichlorophenoxy)ethoxy]ph€nyI}-3^HUa2abicy^^^ 
5 [3.3.11non-6-ene-6,9-dicarboxyUc acid 6-ethyI ester 9-(2,2,2-tricWoro-l,l- 
dimethylethyl) ester (BM5) 

As described for compound BM2, but from bicyclononene S4 (3.20 g, 5.54 
mmol), 2,3-dichlorophenol (1.80 g, 11.1 mmol), azodicariDOxylic dipiperidide 
10 (2.10 g, 8.31 camol) , tributylphosphine (4.11 mL, 16.6 mmol) and toluene (50 
mL). Purification by FC yielded the title compound (2.22 g, 55%). 

3- Acetyl-7-{4-[2-(4rchloro-2-methylphenoxy)ethoxy]phenyl}-3^-dia^ 
bicycloI3.3.11non-6-ene-6^-dicarbosyUc acid 6-etiiyl ester 9-(2,2,2-tridiIoro- 

1 5 1,1-dimetliyIethyi) ester (BM7) 

As described for compound BM2, but from bicyclononene S4 (3.00g, 5.19 mmol), 

4- chloro-2-methylphenol (1.48 g, 10.4 mmol), azodicaiboxylic dipiperidide (1.97 
g, 7.79 mmol) , tributylphosphine (3.84 mL, 15.6 mmol) and toluene (50 mL). 

20 Purification by FC yielded the titie compound (1 36 g, 37%). 

3-Acetyl-7-{4-[2-(2,4,5-trlchlorophenoxy)ethoxylphenyI}-3,9-diazabicycIo- 
(3,3.1]noii-6-ene-6,9-dicarboxylic acid 6-ethyl ester 9-(2,2,2-trichloro-l,l- 
dimethylethyl) ester (BM9) 

25 

As described for compound BM2, but from bicyclononene S4 (3.00 g, 5.19 mmol) 
2,4,5-trichlorophenol (2.05 g, 10.4 mmol), azodicaiboxylic dipiperidide (1.97 g, 
7.79 mmol) , tributylphosphine (3.84 mL, 15.6 mmol) and toluene (50 mL). 
Purification by FC yielded the titie compound (2.76 g, 72%). 

30 
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3-Acetyl-7-{4-[2-(2-cUoro-S-flaoropheiioxy)eaioxy]pheiiyl}-3^-(liaza- 
bicydo[33.1]non-6-eii&-6,9-dicarboxylic acid 6-etIiyI ester 9-<2,2>triddoro- 
1,1-dimethyletfayl) ester (BMIO) 

5 As described for compound BM2, but from bicyclononene S4 (3 . 1 8 g, 5.50 mmol) 

2- chloro-5-fluorophenol (1.61 g, 11.0 mmol), azodicarboxylic dipiperidide (2.08 
g, 8.25 mmol) , tributylphosphine (4.10 mL, 16.6 mmol) and toluene (50 mL). 
Purification by FC yielded the title compound (2.67 g, 69%). 

1 0 Compounds of type BN 

3- Acetyl-7-{4-[2-(2-bromo-5-fluorophenoxy)ethoxy]pIieiiyI}-3^-dliaza- 
biGydo[33.1]iioii-6-eiie-6,9-dicarboxylic add 9-(2;S,2-trichloro-l,l-dimetiiyl- 
ethyl) ester (BN2) 

15 

A mixture of bicyclononene BM2 (2.69, 3.58 mmol) in aq. IM NaOH (30 mL) 
and EtOH (70 mL) was stirred for 1 h at 85 °C. The mixture was allowed to cool 
to rt and the solvents were partially removed under reduced pressure. The residue 
was acidified to pH 2 witii aq. IM HQ and diis mixture was extracted with EtOAc 
20 (3x). The combined org. ectracts were dried over MgS04, filtered, and ttie 
solvents were ronoved undo- reduced pressure. The crude title compound (2.96 
g, quantitative yield) was used fiatha- wi&out purification. 

3-Acetyl-7-{4-[2-(2-chIoro-4,5-dimetfaylphenoxy)ethoxy]phenyI}-3,9-diaza- 
25 bicydo[3.3.11non-6-ene-6,9-dicarboxyUc add 9-(2,2,2-trichloro-l,l-dimethyl- 
ethyl) ester (BN3) 

As described for compound BN2, but from bicyclononene BM3 (2.82 g, 3.94 
mmol), aq. IM NaOH (30 mL) and EtOH (70 mL). The crude title compound 
30 (2.59 g, 96%) was used fiirther without purification. 
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3-Acetyl-7-{4-[2-(2,6-dichIoro-4-inethyIphaioxy)edioxy]pheiiyl}-34)-diaza- 
bicycIo[3.3.1]no]i-6-ene-6^dicarboxyUc acid 9-(2^^trichIoro-l,l-dimethyl- 
etfayl) ester (BN4) 

5 As described for compound BN2, but firom bicyclononene BM4 (2.75 g, 3.73 
mmol), aq. IM NaOH (30 mL) and EtOH (70 mL). The erode title compound 
(2.63 g, quantitative yield) was used further without purification. 

3-Acetyl-7-{4-[2-(2,3-dichlorophenoxy)ethoxy]phenyl}-3^-dia2abicyclo- 
10 [3.3.1]non-6-eiie-6»9-dicarbo3Qrlic add 9-(2^^-trichloro-l»l-dimethylethy0 
ester (BN5) 

As described for compound BN2, but firam bicyclononene BM5 (2.22 g, 3.07 
mmol), aq. IM NaOH (30 mL) and EtOH (70 mL). The crude title compound 
15 (1 .59 g, 75%) was used further wi&out purification. 

3-Acetyl-7-{4-[2-(4HJiloro-2-met]iylphenoxy)etfaoxy]phenyl}-3,9-diaza- 
bicydo[3J.l]noii-6-ene-6,9-dicarboxyUc add 9-(2,2,2-trichloro-14-dimethyl- 
ethyl) ester (BN7) 

20 

As described for compound BN2, but firom bicyclononene BM7 (1.35 & 1.92 
mmol), aq. IM NaOH (30 mL) and EtOH (70 mL). The crude titie compound 
(1.25 g, 97%) was used fiirther wi&out purification. 

25 3-Acetyl-7-{4-[2-(2,4,5-trichlorophenoxy)et]ioxy]pheiiyl}-3^-diazabiqrclo- 
[3.3.1]non-6-ene-6,9-dicarboxylic add 9-(2,2,2-tridiloro-l,l-dimetiiyletliyl) 
ester (BN9) 

As described for compound BN2, but fi:om bicyclononene BM9 (2.31 g, 3.05 
30 mmol), aq. IM NaOH (30 mL) and EtOH (70 mL). The crude title compound 
(2.19 g, 99%) was used furfho- without purification. 
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3-Acetyl-7-{4-[2-(2-cMoro-5-flaorophenoxy)ethoxylphenyl}-3^-diM 
(33J]uoii-6-ene-6^-dicarboxyUc acid 9-(2^^-tricliloro-l,l-dimethyIethyI) 
ester (BNIO) 

5 As described for compound BN2, but fiom bicyclononene BMIO (2.82 g, 3.94 
mmol), aq. IM NaOH (30 mL) and EtOH (70 mL). The OTide title compound 
(1 .90 g, 74%) was used further without purification. 

Preparation of the final compounds 

10 

Typical procedure (A) for the acylation: 

To a solution of bicyclononene in anhydrous EtOAc was added vacuum dried- 
Amberlyst 21 (1.5 g/mmole of bicyclononene) or another suitable scavenger, 
15 followed by the addition of the desired acid chloride (1.5 eq.). After shaking the 
suspension for 3 h, an aliquot water was added and shaking was continued for 1 h. 
The resin was then removed by filtration, washed with EtOAc and the filtrate was 
evaporated to yield the intermediate amide. 

20 The synthesis of the sulfonamide, carbamate or wea derivatives was perforaied in 
analogy to the above-described procedure, by using the corresponding sulfonyl 
chloride, chloroformate or carbamoyl chloride respectively. 

Typical procedure (B)for amide formation from acid chlorides: 

25 

To a soL of the acid chloride (1 eq.) in CH2CI2 (2.5 mUmmol) at 0 ^C. the amine 
(3 eq.) was added. The mixture was stirred for 3 h while wanning up slowly to rt. 
If necessary, more CH2CI2 was added, tiien the reaction mixture was washed with 
aq. sat. NaHCOs (Ix) and aq. IM HCl (Ix). The extracts were dried over MgS04 
30 and the solvents were removed under reduced pressure. The obtained product was 
used without fijrther purification. 
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Typical procedure (C) for an amide coupling with CDJ 

To a sol. of the carboxylic add (1 eq.) in CH2CI2 (4 mL/mmol) GDI (1 eq.) was 
added. The sol. or suspension was stirred for 2 h at rt, flien cooled to 0 ^'C. The 
5 amine (6 eq.) was added and the sol. or suspension was stirred for 2 h while 
wanning up slowly to rt. The sol or suspension was washed with water (Ix). The 
org. extracts were evaporated under reduced pressure and the obtained residue was 
used further without purification. 

10 Typical procedure (D)for the reduction of an amide to an amine with LAH 

To a sol. of the amide (1 eq.) was dissolved in THF (3 mL/mmol) LAH (IM in 
THF, 3 eq.) was added carefiilly. The mixture was stirred at rt for 30 min, flien 
heated to 60 °C for 3 h before it was allowed to cool down to rt, then to 0 ''C. For 

15 X g of Li AIH4 initially added, was added x g of water, then x g of aq. 1 5% NaOH, 
and finally 3x g of water again. The resultmg mixture was stirred overnight, 
filtered, and the precipitate washed with EtOAc. The filtrate was evaporated 
under reduced pressure and the residue diluted in a small amount of MeOH. The 
sol. was passed througli a pad of SCX silica gel (sulfonic acid). Elution started 

20 with MeOH, followed by NHs/MeOH. The amines eluted with the second second 
eluent. The solvents were removed under reduced pressure. The isolated amines 
were either used without further purification or purified by HPLC, depending on 
the purity. 

25 Typical procedure (E) for the cleavage of the 2,2,2-trichlorO'l,J' 
dimethylethylcarbamate protecting group: 

The crude product firom another typical procedure was dissolved in THF/AcOH 
(1:0.1) and treated with zinc (20 eq.). The suspension was stirred for 5 h and 
30 filtered through celite, which was washed with EtOAc. The filtrate was 
evaporated under reduced pressure and the residue was purified by HPLC. 
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Typical procedure (F) for the formation ofaryl ether (Mitsunobu reaction) 

The bicyclononene (0.05 mmol) was dissolved or suspended in toluene (1.00 mL). 

The phenol derivative (0.075 nmiol) in toluene (0.50 mL) was added. TMAD 
5 (0.075 mmol) in toluene (0.50 mL) was added, followed by tributylphosphine 

(0.15 mmol). The reaction mixture was stirred for 2 h at rt and then 2 h at 60 °C. 

Sometimes, it was necessary to add a second portion of tributylphosphine and to 

stir overnight. Sometimes, THF was necessary as cosolvent to dissolve the 

reactants. The reaction mixture was allowed to cool to rt, then water was added. 
10 The mixture was extracted witti EtOAc, and the org. extracts were evaporated 

under reduced pressure. 

Typical procedure (G) for an amide coupling 

15 To a sol. of bicyclononene (0.05 mmol) in CHCI3 (2 mL) the desired carboxylic 
acid (0.10 mmol) was added. DIPEA (0.10 mmol), DMAP (0.01 mmol), HOBt 
(0.01 mmol), and EDC-HCl (0.05 mmol) were added and the reaction mixture was 
stirred overnight. Sometimes, it was necessary to add another portion of acid, 
DMAP, HOBt and EDC HCl and to continue stirring for 24 h. CH2CI2 was added 

20 and the mixture was washed with water. The org. extracts were separated, dried 
over Na2S04 and filtered. The solvent was removed under reduced pressure. 

Typical procedure (H) for an amide coupling 

25 To a sol. of the bicyclononene (0.05 mmol) CHCI3 or CH2CI2 (2 mL) the desired 
amine (commercially available or prepared following known, standard 
procedures) (0.10 mmol) was added. DPEA (0.10 mmol), DMAP (0.01 mmol), 
HOBt (0.01 mmol) and EDC-HCl (0.05 mmol) were added. The reaction mixture 
was stirred overnight. Sometimes, it was necessary to add another portion of 

30 amine, DMAP, HOBt and EDC HCl and to continue stirring the sol. for 24 h. 
CH2CI2 was added and the mixture was washed wifli water. The org. extracts 
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were separated, dried over Na2S04 and filtered. The solvents were removed under 
reduced pressure. 

Typical procedure (J) for reductive amination 

5 

To a solution of aldehyde (leq.) in MeOH (0.5 mL/mmol) was added an amine 
(1.2 eq.). The solution was stirred for 2h. Sodium borohydride (1.2 eq.) was added 
portionwise at 0°C and then stirring was continued, at rt, for 4h. A solution of 
NaOH IN was added and the MeOH was evaporated. The mixture was extracted 
10 with EtOAc twice and the organic layer was washed with brine, dried over 
Na2S04 and filtered. The solvent was removed under reduced pressure. The 
isolated amines were either used without further purification or purified by flash 
chromatography (EtOAc/heptane: 2/8), depending on the purity. 

IS Typical procedure (K) for an anhydride coupling 

To a sol. of the bicyclononene (0.05 mmol) in CH2CI2 (0.4 mL) was added DIPEA 
(0.1 mmol) followed by the anhydride (0.06 mmol) in CH2CI2 (0.4 mL) at O^'C. 
After stirring for 3h at rt, the solvent was evaporated under reduced pressijre. 

20 

Typical procedure (L)for protecting group (BOCand TBDMS) cleavage 

To a sol. of the bicyclononene (0.05 mmol) in CH2CI2 (0.5 mL), cooled to 0°C, 
was added 4M HCl/dioxane(0.5 mL) The ice bath was removed and the solution 
25 was stirred for lh30 to 3h, depending on the compound. The solvents were 
evaporated imder reduced pressure without heating. 

Typical procedure (M) for the saponification of esters 

30 A mixture of the ester (1 eq.) and LiOH (2 eq.) in THF was stirred at rt for 2 h. 
The solvents were removed under reduced pressure and the residue was extracted 
on isolute sorbent (0.25 g pre-washed with 0.300 mL aq. IM HCl, elution with 2 
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mL CH2CI2). The solvent was removed under reduced pressure and the residue 
was used without fiirfher purification. 

Preparation of amines 

5 

(2-Chlorobenzyl)cyclopropylamine 

Synthesized according to typical procedures B and D from 2-chlorobenzoyl 
chloride and cyclopropylamine. 

10 

Benzylcyclopropylamine 

See Loeppky, R. N.; et aL, J. Org. Chem,, 2000, 65, 96. 
1 S (2-ChlorobeiizyI)ethyla]nuie 

See Ishihara, Y; et al\ Chem. Pharm. Bull, 1991, 39, 3225. 
Cyclopropyi-(3-trifluoromethylbenzyl)amme 

20 

See Brabander, H. J.; et aL; X Org. Chem., 1967, 32, 4053. 
Cyclopropylphenetfaylainine 
25 See Smith, P. W.; et al\ J. Med. Chem,, 1998, 41, 787. 
Methyl(3-phenoxypropyI)aniine 

Synthesized according to typical procedures C and D from 3-phenoxypropionic 
30 acid and mefhylamine. 

(2-/?-Tolyloxyethyl)methylamine 
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Synthesized according to typical procedures C and D from 2-/?-tolyloxyacetic acid 
and methylamine. 

5 [2-(3-CIilorophenyl)ethyl] amine 

Synthesized according to typical procedures C and D from 3-chlorophenylacetic 
acid and methylamine, 

1 0 [2-(2-Mefhoxyphenyl)ethyl]amme 

Synthesized according to typical procedures C and D from 2-mefhoxyphenylacetic 
acid and methylamine. 

1 5 (2-AlIylbenzyl)cyclopropylaniuie 

BuLi (1,55 M in hexane, 14.7 mL, 22.7 mmol) was added to a sol, of l-bromo-2- 
(dimefhoxymethyl)benzene (5.00 g, 21.6 mmol) in EtaO (50 mL). The mixture 

was stirred for 30 min at -78 °C and MgBr2-Et20 (5.87 g, 22.7 mmol) was added. 

20 The mixture was allowed to warm up to 0 ^'C over 15 min and Cul (420 mg, 2.16 
mmol) was added. The mixture was stirred at 0 °C for 5 min and allyl bromide 
(1.92 mL, 22.7 mmol) was added. The mixture was stirred overnight while 
wanning up to rt. Aq. IM HCl (1 mL) was added and the mixture was diluted 
with EtaO, and washed with aq. IM HCl (Ix). The org. Extracts were dried over 

25 MgS04, filtered, and the solvents were removed under reduced pressure. The 
residue was dissolved in acetone (20 mL) and water (10 mL), and TosOH (cat 
amount) was added. The mixture was stirred for 5 h at rt, and the solvents were 
partially removed under reduced pressure. The residue was diluted with Et20, and 
washed with aq. IM HCl (Ix), and aq. sat. NaHCOa (Ix). The org. extracts were 

30 dried over MgS04, filtered, and the solvents were removed under reduced 
pressure. Purification of the residue by FC (Et20/petroleum ether 1:49 ^ 24:1) 



i 
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yielded 2-allylben2aldehyde (1.06 g, 34%). This compound was transformed into 
the title compound following typical procedure J with cyclopropylamine. 

Cyclopropyl(2-fluorobenzyl)anime 

5 

Synthesized according to typical procedure J from 2-fluorobenzaldehyde and 
cyclopropylamine. 

CycIopropyl-(2-methylbenzyl)amine 

10 

Synthesized according to typical procedure J from 2-methylbenzaldehyde and 
cyclopropylamine. 

Cydopropyl-[2-(4-methoxyphenoxy)ethyl]ainine 

15 

Synthesized according to typical procedures C and D from (4-methoxyphenoxy)- 
acetic acid and cyclopropylamine. 

CycIopropyI-[2-(3-methoxyphenoxy)ethyl]a0une 

20 

Synthesized according to typical procedures C and D from (3-methoxyphenoxy)- 
acetic acid and cyclopropylamine. 

Cyclopropyl-(2-o-tolyloxyethyl)amme 

25 

Synthesized according to typical procedures C and D from o-tolyloxyacetic acid 
and cyclopropylanune. 

CycIopropyI-[2-(3,4-dimethylphenoxy)ethyl]amine 

30 

Synthesized according to typical procedures C and D from (3,4-dimethyl- 
phenoxy)acetic acid and cyclopropylamine. 
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[2-(2-Chlorophenyl)ethyl] cydopropylamine 

Synthesized according to typical procedures C and D from (2-chlorophenyl)- 
S acetic acid and cydopropylamine. 

Cyclopropyl-[2-(2,3-difluorophenyl)ethyl] amine 

Synthesized according to typical procedures C and D from (2,3-difluorophenyl)- 
1 0 acetic acid and cydopropylamine. 

Cyclopropyl-[2-(4-fluorophenyl)ethyllamine 

Synfliesized according to typical procedures C and D from (4-fluorophenyl)acetic 
1 5 acid and cydopropylamine. 

CyclopropyI-(2-o-tolylethyl)anime 

Synthesized according to typical procedures C and D from c>-tolylacetic add and 
20 cydopropylamine. 

Cyclopropyl-(2-j!i-tolylethyl)amine 

Synthesized according to typical procedures C and D from p-tolylacetic acid and 
25 cydopropylamine. 

Cydopropyl-(3,5-dimethoxyben2yl)amine 

Synthesized according to typical procedxire J from 2,5-dimethoxybenzaldehyde 
30 and cydopropylamine. 

(2-Chloroben2yl)methylamine 
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See Kihara, M; et al.; Heterocycles, 1989, 29, 957. 
(2-ChlorobenzyI)isopropylainme 

5 

Synthesized according to typical procedure J from 2-chlorobenzaldehyde and 
isopropylamine. 

Cyclopropyl-(2-fluoro-5-methoxybenzyl)ainme 

10 

Synthesized according to typical procedure J from 2-fluoro-5- 
methoxybenzaldehyde and cyclopropylamine. 

Cyclopropyl-(3-metho:qrbenzyl)a]iiiiie 

15 

Synthesized according to typical procedure J from 3-methoxybenzaldehyde and 
cyclopropylamine. 

Cyclopropyl-(3,4-dimethoxybenzyl)amine 

20 

Synthesized according to typical procedure J from 3,4-dimefhoxybenzaldehyde 
and cyclopropylamine. 

(2-Chloro-3-trifluoromethylbeiizyI)cyclopropylamine 

25 

Synthesized according to typical procedure J from 2-chloro-3- 
trifluoromethylbenzaldehyde and cyclopropylamine. 

(6-Chlorobenzo[l,31dioxoI-5-ylmethyl)cyclopropylamine 

30 

Synthesized according to typical procedure J from 6"Chlorobenzo[l,3]dioxole-5- 
carbaldehyde and cyclopropylamine. 
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Cyclopropyl-(5-fluoro-2-methoxybeiizy])aiiiine 

Synthesized according to typical procedure J from 5-fluoro-2- 
5 methoxybenzaldehyde and cyclopropylamine. 

(2-ChIoro-6-fluorobenzyI)cyclopropyIaimiie 

Synthesized according to typical procedure J &om 2-chloro-6-fluorobenzaldehyde 
1 0 and cyclopropylamine. 

(2-Bromobeiizyl)cycIopropylamme 

S}aithesized according to typical procedure J from 2-bromobenzaldehyde and 
15 cyclopropylamine. 

CycIopropyl-(2,6-difluorobenzyl)amine 

Synthesized according to typical procedure J from 2,6-difluorobenzaldehyde and. 
20 cyclopropylamine. 

Cyclopropyl-(293-dimethyibeiizyl)amiiie 

Synthesized according to typical procedure J from 2,3-dimethylbenzaldehyde and 
25 cyclopropylamine. 

Cyclopropyl-(3-fluoro-2-methylbenzyl)aiiiuie 

Synthesized according to typical procedure J from 3-fluoro-2-mefliylbenzaldehyde 
30 and cyclopropylanaine. 

Cyclopropyl-(3,5-difluorobenzyl)amine 
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Synthesized according to typical procedure J from 3,S-di£[uorobenzaIdehyde and 
cyclopropylamine. 

5 (2-CUoro-3,6Mlifluorobenzyl)cyclopropylaiiime 

Synthesized according to typical procedure J from 2-chloro-3,6- 
difluorobenzaldehyde and cyclopropylanmie. 

1 0 (2;3-Dichlorobenzyl)cyclopropylaimne 

Synthesized according to typical procedure J from 2,3-dichlorobenzaldehyde and 
cyclopropylamine. 

1 S CycIopropyI-(3-trifluoromet]ioxybenzyl)ainuie 

Synthesized according to typical procedure J from 3-trifluoromethoxy- 
benzaldehyde and cyclopropylamine. 

20 Cyclopropyl-(3-methylbenzyl)amine 

Synthesized according to typical procedure J from 3-methylbenzaldehyde and 
cyclopropylamine. 

25 CycIopropyl-(2,3-difluorobenzyl)amine 

Synthesized according to typical procedure J from 2,3-difluorobenzaldehyde and 
cyclopropylamine. 

30 (3-Clilorobenzyl)cyclopropylamine 
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Synthesized according to typical procedure J from 3-chlorobenzaldehyde and 
cyclopropylanaine, 

Cyclopropyl-(4-fluorobenzyl)aiiime 

5 

Synthesized according to typical procedure J from 4-fluorobenzaldehyde and 
cyclopropylamine. 

Preparation of other reagents 

10 

4-Carbainoylbutyric acid 

See Mekiyk, O., et al.; J. Org. Chem,, 2001, 66, 41 53. 

IS me50-3,4-Dihydroxytaitaric acid anhydride 

A mixture of /weyo-3,4-Diydroxytartaric acid (1.00 g, 6.67 romol) and 
trifluoroacetic acid anhydride (5 mL) was stirred for 2 h at rt. The solvents were 
removed under reduced pressure and the residue was used as crude product 
20 without further purification. 

Succinamic acid 

See Bellier, B., et al.; J. Med. Chem., 2000, 43, 3614. 

25 

Specific examples 

Preparation of example 64 is described in detail. The other examples depicted in 
Table 1 can be prepared according to the same procedures and according to 
30 descriptions given in WO 03/093267 Al (Actelion Pharmaceuticals Ltd.) or by 
analogous methods. 
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Example 64 

(rac.)-5-((/JR*, 55f*)-7-{4-I3-(2-Broiiio-S-fluorophenoxy)propyl]phenyl}-6-{[2- 
(2,3-diiluorophenyl)ethyl]cyclopropylcarbamoyl}-3,9-diazabicyclo[33.1]noii- 
S 6-eii-3-yI)-5-oxopentanoic acid formate salt 

Synthesized according to typical procedxires K and E from bicyclononene AL31 
and glutaric anhydride. LC-MS: Rt = 0.90; ES+: 768.35. 



10 



Table 1 lists preferred compounds of flie invention and tiieir in vitro activity 
against plasmepsin n (determined as described above). 



15 



20 



Activities are classified as follows: 

Activity class A: IC50 (Plasmepsin II) < 10 nM 
Activity class B: 10 nM< IC50 (Plasmepsin II) < 100 nM 
Activity class C: 100 nM < IC50 (Plasmepsin II) < 10 jiM 
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IS6 

Table 1: 




Ex. No. 






Activity 
Class 


1 






A 


2 






A 


3 






A 
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00 


o o 
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"XT' 
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00 
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Table 1 continued: 




Ex. No. 






Activity 
Class 


10 
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11 
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12 
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13 
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14 
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Table 1 continued: 









Ex. No. 






Activity 
Class 


46 




-•CH3 
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47 
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48 




CH3 
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49 




'-CH3 
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50 


00 


""CH3 
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51 




•■■CH3 
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52 
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— CH3 
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53 




-"•CH3 


B 


54 
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Table 1 continued: 



Ex. No. 






AcUvity 
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Table 1 continued: 




Ex. No. 
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Table 1 continued: 




CX. NO. 
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d22 
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Activity 
Class 
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Claims 

1. Pharmaceutical compositions for treating diseases demanding the inhibition of 
parasite aspartic proteases containing one or more compoimd(s) of the general 
5 formula I, 



M 




General formula I 



wherein 

10 

X and W represent a nitrogen atom or a -CH- group and may be the same or 
different; 

V represents -(CHzV; -A-(CH2)s-; -CH2-A-(CH2)r; -(CH2)s-A-; -(CHzh-A- 
15 (CHaV; -A-(CH2)v-B-; -CH2-CH2-CH2-A-CH2-; -A-CH2-CH2-B-CH2-; -CH2-A- 
CH2-CH2-B-; -CH2-CH2-CH2-A-CH2-CH2-; -CH2-CH2-CH2-CH2-A-CH2-; -A- 
CH2-CH2-B-CH2-CH2-; -CH2-A-CH2-CH2-B-CH2S -CH2-A-CH2-CH2-CH2-BS or 
-CH2-CH2-A-CH2-CH2-BS 

20 A and B independently represent -0-; -S-; -SO-; -SO2-; 

U represents aryl; heteroaryl; 



T represents -CONR'-; -(CH2)pOCO-; -(CH2)pN(R')C0-; -(CH2)pN(R^)S02-; or 
25 -C00-; 
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Q represents lower alkylene; lower alkenylene; 

M represents hydrogen; cycloalkyl; aryl; heterocyclyl; heteroaryl; 

5 

L represents -R^ -COR^; -COOR^ -CONR^R^ -SOzR^ -SOaNR^R^ 
-C0CH(Aryl)2; 

R' represents hydrogen; lower alkyl; lower alkenyl; lower aUdnyl; cycloalkyl; 
1 0 aryl; cycloalkyl - lower alkyl; 

R^ and R^' independently represent hydrogen; lower alkyl; lower alkenyl; 
cycloalkyl; cycloalkyl - lower alkyl; 

15 R^ represents hydrogen; lower alkyl; lower alkenyl; cycloalkyl; aryl; heteroaryl; 
heterocyclyl; cycloalkyl - lower alkyl; aryl - lower alkyl; heteroaryl - lower alkyl; 
heterocyclyl - lower alkyl; aryloxy - lower alkyl; heteroaryloxy - lower alkyl, 
whereby these groups may be unsubstituted or mono-, di- or trisubstituted with 
hydroxy, -OCOR^, -COOR^, lower alkoxy, cyano, -CONR^R^', -CO-morpholin-4- 

20 yl, -CO-((44oweralkyl)piperazin-l-yl), -NH(NH)NH2, -NRV' or lower alkyl, 
with the proviso that a carbon atom is attached at the most to one heteroatom in 
case this carbon atom is sp3-hybridized; 

R^ and R"*' independently represents hydrogen; lower alkyl; cycloalkyl; cycloalkyl 
25 - lower alkyl; hydroxy - lower alkyl; -COOR^; -CONH2; 

m and n represent the integer 0 or 1, with the proviso that in case m represents the 
integer 1 n is the integer 0, and in case n represents the integer 1 m is the integer 
0; 

30 

p is the integer 1, 2, 3 or 4; 
r is the integer 3, 4, 5, or 6; 
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s is the integer 2, 3, 4, or 5; 
t is the integer 1, 2, 3, or 4; 
u is the integer 1, 2, or 3; 
V is the integer 2, 3, or 4; 

5 

and optically pure enantiomers, mixtures of enantiomers such as racemates, 
diastereomers, mixtures of diastereomers, diastereomeric racemates, mixtures of 
diastereomeric racemates, and the meso-form; as well as pharmaceutically 
acceptable salts, solvent complexes and morphological forms and suitable carrier 
10 materials. 

2. Pharmaceutical compositions according to claim 1 for treatment of disorders 
associated with the role of plasmepsin II and which require inhibition of 
plasmepsin 11 for treatment. 

15 

3. Pharmaceutical compositions according to claim 1 for treatment or prevention 
of malaria. 

4. Pharmaceutical compositions according to claim 1 for treatment or prevention 
20 of diseases caused by protozoal infection. 

5. Pharmaceutical compositions according to claim 1 which contain aside of one 
or more compounds of the general formula I a known plasmepsin II inhibitor, a . 
known antimalarial or a known HIV protease inhibitor, 

25 

6. Use of pharmaceutical compositions according to any one of claims 1 to 5 for 
treatment or prevention of diseases demanding the inhibition of parasitic aspartic 
proteases. 

30 7. Use of pharmaceutical compositions according to any one of claims 1 to 5 for 
treatment or prevention of malaria. 
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8. Use of phannaceutical compositions according to any one of claims 1 to 5 for 
treatment or prevention of protozoal infections. 

9. Use of pharmaceutical compositions according to any one of claims 1 to S for 
5 treatment or prevention of diseases demanding the inhibition of parasitic aspartic 

proteases in combination with a known plasmepsin n inhibitor, a known 
antimalarial or a known HIV protease inhibitor or another known anti-HIV 
treatment, 

10 10. Use of a compound of foraoiula I in claim 1 for the preparation of a 
medicament for the treatment or prevention of diseases demanding the inhibition 
of parasitic aspartic proteases. 

1 1 . Use according to claim 10 wherein said disease is malaria. 

15 

12. Use according to claim 10 wherein said disease is protozoal infection. 

13. Use of a compound of formula I in claim 1 for the preparation of a 
medicament for the treatment or prevention of diseases demanding the inhibition 

20 of parasitic aspartic proteases in combination with a known plasmq)sin II 
inhibitor, a known antimalarial or a known HIV protease inhibitor or another 
known anti-HIV treatment. 

14. A method of treating a patient suffering from a disease requiring the inhibition 
25 of parasitic aspartic proteases by administering a pharmaceutical composition 

according to any one of claims 1 to 5. 

15. A method according to claim 14 by administering a dose of the parasitic 
aspartic protease inhibitor of the general formula I between 1 mg and 1000 mg per 

30 day. 
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16. A method according to claim 14 by administering a dose of the parasitic 
aspartic protease inhibitor of the general formula I between 1 mg and 500 mg per 
day. 

5 17. A method according to claim 14 by administering a dose of the parasitic 
aspartic protease inhibitor of the general formula I between 5 mg and 200 mg per 
day. 

18. A process for the preparation of a phannaceutical composition according to 
10 any one of the claims 1 to 5, characterized by mixing one or more active 
ingredients according to claim 1 with inert excipients in a manner known per se. 
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